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This  report  is  i)rodui,ed  .is  part  ot  the  DOT/SST  Technology  Foilow-On  Program,  pliase 
11,  task  VI  Ad\anced  Electronic  Display  .System  (ADLDS),  The  purpose  of  this  report  is  to 
define  the  fii.ictional  and  software  requirements  for  .ADEDS  as  they  existed  at  hardware 
delivery.  Revisions  resulting  from  siimilatioi  integration  and  flight  test  of  the  ADEDS 
equipment  will  be  provided  as  an  appendix  to  volume  IV  of  the  .ADEDS  flight  test  report 
(F.A.A-SS-73-22).  This  will  permit  release  of  the  ADEDS  baseline  functional  and  software 
requirements  several  months  earlier  than  would  De  possible  if  they  were  not  released  until 
after  fiight  test. 

Information  presented  lefiects  the  technical  work  of  many  engineering  personnel  at 
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K.  L.  McClellan 


R.  L.  McPherson  (ADEDS  task  pilot) 
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1.0  INTRODUCTION 


1.1  GENERAL 

This  document  defines  the  advanced  electronic  display  system  f.'\DEDS)  functional/ 
software  requirements.  The  document  is  divided  :.ito  the  following  sections’ 

Section  1 -introduction 

2 MFD  Requirements 

3 - Bulk  Data  Storage 

4- EADl  Requirements 

5 -Four-Dimensional  Guidance  Requirements 

6- NCDU  Requirements 

7- Navigation  and  Subsidiary  Function  Requirements 

Each  section  defines  the  functional  requirements  and  assigns  the  software  responsibility 
between  the  navigation  computer  unit  (NCU)  and  the  display  system  (DS),  where 
applicable. 

The  General  Elect! ic  Company  is  responsible  for  ail  DS  software  defined  in  this 
document.  The  NCU  software  responsibility  is  divided  between  Boeing  and  Litton  as 
follows,  in  accordance  with  the  ADEDS  statement  of  work  (SOW): 

Boeing  responsibility:  Sections  5 and  6 

Litton  responsibility:  Sections  2,  3,  4,  and  7 

The  subsidiary  function  requirements  in  section  7 include  all  items  identified  in  the 
Litton  SOW.  Litton  will  be  responsible  for  integrating  the  NCU  software  subroutines 
defined  in  this  document  into  the  delivered  ADEDS  software  package. 

This  document  represents  the  ADEDS  functional/software  requirements  at  hardware 
delivery  (September  30,  1973).  The  ADEDS  software  as  developed  at  the  completion  of  the 
laboratory  and  flight  test  programs  will  be  documented  in  the  form  of  an  .ADEDS  system 
software  specification,  which  will  constitute  a part  of  the  ADEDS  final  report. 

1.2  ADEDS  SYSTEM  CONFIGURATION 

The  ADEDS  interface  block  diagram  is  depicted  in  figure  1-1.  This  diagram  identifies 
the  boxes  and  interfaces  referred  to  in  this  document. 

This  document  is  concerned  primarily  with  the  Litton  NCU  software,  the  GE  program 
control  unit  (PCU)  software,  and  the  interfaces  used  to  transfer  data  between  the  two 


computers.  These  interfaces  consist  of  the  following  four  split-phase  bipolar  (SPBP)  data 
buses  utilizing  a 100-kHz  clock' 


MFD  bus  1 ; 
MFD  bus  2. 
EADl  bus: 
PCU/NCU  bus: 


NCU  to  PCU 
NCU  to  PCU 
NCU  to  PCU 
PCU  to  NCU 


The  data  content,  timing,  and  woid  formats  for  each  of  these  buses  are  defined  in  this 
document. 
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Pitch  and  roll  2 


Navigation  Pallet 


FIGURE  1-1.-ADEDS  INTERFACE  BLOCK  DIAGRAM 


2.0  MFD  REQUIREMENTS 


2.1  GENERAL 

The  multifunction  display  (MFDl  is  a cathode-ray  tube  (CRT)  display  designed  to 
provide  tne  pilot  with  sufficient  information  for  him  to  perform  ail  horizontal  and 
time-controlled  flight  maneuvers  and  to  monitor  the  automatic  performance  of  these 
maneuvers.  This  display  is  configured  as  a primary  flight  instrument,  replacing  the 
electromechanical  horizontal  situation  indicator  (HSI).  It  depicts  that  portion  of  the 
horizontal  navigation  and  guidance  information  that  lends  itself  to  graphic  presentation  and 
is  of  enough  importance  to  warrant  presentation  in  primary  panel  space. 

The  MFD  has  a viewable  area  5.75  in.  wide  by  7.75  in.  high.  Data  presented  on  the 
display  are  processed  digitally  in  the  navigation  computer  unit  (NCU)  and  the  display 
program  control  unit  (PCU)  and  are  scaled  at  90  digital  bits/in.  to  give  a visual  resolution  of 
0.01 1 in.  on  the  display.  The  display  is  refreshed  50  times/sec  and  dynamic  data  are  updated 
20  times/sec  to  give  a flicker-free  data  presentation. 

The  data  presented  on  the  MFD  vary  as  a function  of  mode,  scale,  and  symbology 
selected,  and  are  generally  subdivided  into  two  groups -background  data  and  dynamic  data. 
Background  data  are  processed  by  the  NCU  at  a slow  rate  and  transmitted  to  the  PCU  once 
every  1 or  2 sec,  unless  otherv/ise  defined.  Dynamic  data,  which  typically  include  position 
increments,  coordinate  rotation  angles,  data  words,  and  symbology,  are  computed  and 
transmitted  20  times/sec. 

2.2  NCU/PCU  INTERFACE  FOR  THE  MFD 
2.2.1  Electrical  Interface 

The  electrical  interface  between  the  NCU  and  the  PCU  consists  of  four  split-phase 
bipolar  (SPBP)  100-kHz  clock  data  buses.  Two  are  associated  exclusively  with  the  MFD,  the 
third  services  thr  EADl  only,  and  the  fourth  is  used  for  both  EADl  and  MFD  mode  control. 
The  data  content  A these  bus  transmis.sions  is  shown  in  tables  2-1  through  2-4.  Where  label 
coding  is  apriicabie,  the  label  assignments  required  for  each  function  transmitted  are  shown, 
as  well  as  tne  data  content  of  each  word.  Full  definition  of  the  data  content  is  provided  in 
section  2.2.2.  The  SPBP  characteristic  h defined  in  reference  1 . 

In  general,  the  functions  of  each  bus  are: 

• MFD  bus  1 transmits  MFD  display  background  data,  including  text  messages,  as  a 
512-word  data  block  from  the  NCU  to  PCU. 

» MFD  bus  2 transmits  a data  block  of  64  words,  including  special  MFD  functions, 
dynamic  symbology,  incremental  position,  and  coordinate  rotation  angle,  at  a 
repetition  rate  of  20/sec  from  the  NCU  to  PCU. 
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• The  PCU/NCU  ous  tsansmits  three  mode  words-une  for  MFD  1,  one  for  EADI, 
and  one  for  a second  MFD.*  These  words  are  transmitted  whenever  there  is  a 
change  of  status.  Following  any  mode  change  or  parity  failure  detection,  the  word 
format  on  the  PCL'/NCU  bus  will  be  changed  within  50  msec  of  the  occurrence. 

2.2.2  Interface  Word  Formats 

The  basic  interface  word  forma*  is  adapted  from  that  defined  in  reference  1,  which 
defines  the  SPBP  characteristic.  The  basic  word  format  of  24-bit  data  and  an  eiglit-bit  label 
has  been  retained,  but  the  24-bit  data  word  has  been  optimized  for  the  display  interface 
application.  The  word  formats  are  defined  in  sections  2.2.2. 1 througli  2. 2. 2.3. 

Wherever  possible  in  the  MFD  bus  2 and  FADI  bus  word  formats,  the  standard  SPBP 
designation  matrix  (DM)  has  been  used.  The  DM  coding  is  shown  below: 

Bit  no. 

3J ^ Code 

0 0 Test 

0 1 Minus 

1 0 Plus 

i i Invalid 

All  binary  angular  data  are  coded  in  semicircular  formal,  i.e.,  the  sign  bit  30  represents 
180®,  bit  29  represents  90°,  etc.,  unless  otherwise  defined. 

Note:  In  the  following  text,  binary  codes  are  always  in  the  form  shown  in  the  example 
below: 

0 0 10 
MSB  LSB 

2.2.2. 1 MFD  Bus  1 

The  three  basic  groups  of  word  formats  used  for  MFD  bus  1 are  shown  in  figures  2-1, 
-2,  and  -3.  These  word  formats  are  collectively  called  table  data  henceforth  in  this 
document.  The  function  of  each  bit  is  defined,  and  a one-  or  two-letter  code  is  assigned  for 


*The  display  system  has  the  capability  for  generating  two  MFD  displays  with  the  same 
format  but  with  different  map  scales.  The  NCU/PCU  interface  has  therefore  been  designed 
with  provisions  to  exploit  this  growth  capability  at  a latei  date  in  any  follow-on  to  the 
ADEDS  contract.  These  second  MFD  provisions  are  simply  the  allocation  of  a mode  word 
for  the  second  MFD  on  the  PCU/NCU  return  bus,  as  well  as  word  formats,  so  that  the 
MFD  bus  1 and  bus  2 data  blocks  of  512  and  64  words,  respectively,  can  be  subdivided 
between  two  MFD  displays. 


each  group  of  bits.  These  letter  codes  will  be  used  when  referring  to  the  word  formats  of 
figures  2-1,  -2,  and  -3.  The  organization  of  the  51?- word  data  transmission  is  illustrated  in 
table  2-1 , with  words  numbered  from  0 through  511. 
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21.2.1  MFD  Bus  2 

The  label  coding  and  the  data  transmission  order  for  MFD  bus  2 are  shown  in  table  2-2 
for  the  track-up  map  mode  and  table  2-3  for  the  north-up  map  mode. 

The  data  formats  on  MFD  bus  2 are  divided  into  two  different  types-general  functions 
and  table  data.  The  general  functions  are  identified  in  the  PCU  by  the  eight-bit  label  code 
and  are  acted  upon  according  to  the  stored  PCU  program.  The  MFD  bus  2 table  data  are 
processed  by  the  PCU  in  the  same  manner  as  MFD  bus  1 table  data.  The  word  formats 
corresponding  to  table  2-2  general  functions  are  shown  in  figure  2-4. 

2.2.2.S  PCU/NCU  Bus 

The  word  formats  for  the  MFD  mode  words  generated  in  the  PCU  and  transmitted  to 
the  NCU  are  shown  in  figure  2-5.  These  same  word  formats  are  transmitted  back  to  the  PCU 
on  MFD  bus  1,  as  shown  in  table  2-1  (word  509  for  MFD  1),  to  signify  compliance  with  the 
MFD  mode  control  unit  selection. 

2.2.2.4  Summary  of  Coded  Functions 

The  purpose  of  each  bit  or  group  of  bits  in  the  interface  word  formats  defined  in 
figures  2-1 , -2,  and  -3  is  summarized  below. 

P Parity  is  set  for  odd  bit  sum  in  all  NCU/PCU  data  transmissions. 

WF  Word  follows  is  controlled  by  the  NCU  and  is  set  to  1 in  the  last  word  of  a 

group  of  symbol  or  vector  words.  WF  is  1 in  all  control  words. 

TC  Table  continues  is  controlled  by  the  NCU  and  is  always  1 except  in  the  EOD 

control  word  marking  the  end  of  data  on  MFD  bus  1 and  bus  2. 


The  following  codes  apply  to  the  I&R  control  wo’-ds  that  control  the  operations 
performed  in  the  PCU  on  the  table  data  following  each  I&R  word. 

OC  bit  23  Offset  adder  control  is  set  to  1 by  the  NCU  in  all  I&R  control  words 
associated  with  the  track-up  and  north-up  map  modes  and  is  set  to  0 when 
the  NCU/PCU  interface  test  is  activated  (see  sec.  2.5.2).  OC  instructs  the 
PCU  to  offset  the  0,0  coordinate  reference  point  by  a prestored  amount  that 
is  mode  dependent. 


RC  bit  22  Rotate  coordinates  is  set  to  1 by  the  NCU  in  I&R  control  words  when  the 
PCU  is  required  to  resolve  all  coordinates  received  over  MFD  bus  1 through 
the  angle  received  in  the  second  word  on  MFD  bus  2.  When  RC  = 0,  no 
coordinate  rotation  is  required. 
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RSbit2l  When  RS  bit  21  is  1,  the  symbols  defined  in  all  following  symbol  word 
groups  will  be  rotated  through  an  angle  as  defined  in  the  R logic  of  the 
symbol  word  group  (see  below). 

1C  bit  20,  19  1C  bit  19  is  set  to  1 by  the  NCU  in  an  l&R  word  when  the  PCU  is  required  to 
increment  the  X or  east  coordinate  received  on  MFD  bus  1 by  the  increment 
contained  in  the  first  word  received  over  MFD  bus  2.  IC  bit  20  controls 
incrementing  of  the  Y or  nor*h  coordinate  in  the  same  manner. 

The  following  codes  apply  to  symbol  word  groups: 

OFS  Tag  offset  is  prestored  in  the  NCU  bulk  data  to  define  one  of  four  offset 

positions.  The  PCU  positions  any  alphanumeric  tag  associated  with  the 
symbol  at  the  starting  position  defined  by  the  OFS  code.  OFS  codes  are: 


Code 

X(in.) 

Y (in.) 

0 

0 

-^0.147 

-0.300 

0 

1 

-1-0.147 

-0.147 

1 

0 

-0.325 

-0.374 

1 

1 

-^0.100 

-0.200 

R 


SS 


OFS  is  ignored  in  all  text  instruction  words. 

Rotate  symbol,  in  conjunction  with  the  control  word  RS  bit  21,  constitutes 
a two-bit  code  defining  symbol  rotation  logic. 


RS  bit  21  ^ 

0 0 

0 1 

1 0 

1 1 


Definition 
Upright  symbol 

Symbol  rotated  by  the  angle  defined 
in  the  symbol  word  type  3 

Symbol  rotated  by  the  angle  defined 
in  MFD  bus  2 word  label  01000001 

Symbol  rotated  by  the  difference 
of  angles;  symbol  word  type  3 and 
MFD  bus  2 word  label  01000010 


The  R bit  is  set  by  the  NCU  in  each  symbol  word  type  1 . 


Symbol  size  is  set  by  the  NCU  to  choose  one  of  four  sizes  for  each  symbol 
defined  in  figure  2-2.  Basic  sizes  are: 


Code 

Size  (in.) 

Percentage  of  size 
defined  in  table  2-6 

0 0 

0.15 

37.5 

0 1 

0.233 

58 

1 0 

0.316 

79 

1 1 

0.40 

100 
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Ig  Symbol  intensuy  is  set  by  the  NCU:  zero  (00),  dim  (01),  medium  (10),  or 

bright  (11). 

L On-screen  limit  is  set  to  1 by  the  NCU  when  it  is  required  that  the  PCU  keep 

the  symbol  m view  even  though  its  position  coordinates  would  place  it 
outside  Uie  screen  area.  The  PCU  limiting  is  symmetrical  in  X and  Y 
coordinates. 

Ij  Tag  intensity  is  set  by  the  NCU  to  control  the  four  possible  intensity  levels 

(see  I5)  lor  the  tag  asscviated  with  any  symbol. 

ST  Tag  size  is  set  by  the  NCU  to  select  one  of  two  sizes  for  the  alphanumeric 

tag.  These  are  the  two  smaller  sizes  defined  for  SS:  0 = 0.15  in.,  1 = 0.233  in. 

ly  Vector  intensity  is  set  by  the  NCU  to  select  one  of  the  four  intensity  levels 

(see  I5)  for  vector  lines. 

C Conic  is  set  to  1 by  the  NCU  in  the  vector  word  type  2 when  the  following 

segment  is  a conic. 

D Direction  of  conic  is  set  by  the  NCU  to  define  in  which  direction  from  north 

(1  = clockwise,  0 = counterclockwise)  the  PCU  must  draw  the  conic. 

Color  Three  bits  allow  for  eight  color  levels  in  future  growth  application. 

7-bit  code  (Defined  in  table  2-6) 

2.2.3  Interface  Failure  Protection 

Interface  failure  protection  will  rely  primarily  on  odd  paiily  detection  on  all  four  data 
buses. 

The  PCU  will  check  for  odd  parity  in  each  word  received  on  the  MFD  bus  1 , MFD 
bus  2,  and  EADI  buses.  The  PCU  will  also  check  that  an  end  of  table  (EOT)  is  contained  in 
the  5 1 2th  word  (number  511)  received  on  MFD  bus  1 . 

The  NCU  will  check  for  odd  parity  in  each  word  received  on  the  PCU/NCU  bus. 

In  the  event  that  one  or  more  bad  parities  are  detected  in  the  MFD  bus  1 transmission 
or  the  EOT  control  word  is  not  detected  in  the  5 1 2th  word  received,  the  PCU  will  discard 
the  complete  5 1 2-word  transmission  and  continue  to  generate  the  MFD  display  using  the 
last  good  data  received  over  MFD  bus  1 . Immediately  upon  detecting  MFD  bus  1 bad  parity 
or  lack  of  EOT,  the  PCU  will  set  bit  number  30  (?2)  to  1 in  the  MFD  1 and  MFD  2 mode 
words.  (See  fig.  2-5.)  The  sequence  of  events  following  detection  of  an  error  in  the  MFD 
bus  1 transmission  is  described  in  section  2.2.4. 

The  PCU  will  check  parity  of  data  received  over  MFD  bus  2.  If  a parity  error  is 
detected  in  any  of  the  first  seven  label  coded  words,  the  data  in  that  word  will  not  be  used. 


If  a parity  error  is  detected  in  the  control  word  with  label  010001 11  or  in  any  subsequent 
table  data,  the  whole  table  will  be  discarded.  If  a parity  error  obscures  the  first  label 
01000000,  the  FCU  will  not  accept  any  bus  2 data  until  a label  01000000  is  d uected.  In  all 
cases,  the  previous  good  data  received  will  be  used  to  generate  symbology.  After  20 
succ  ssive  MFD  bus  2 data  blocks  with  one  or  more  bad  parity  checks,  bit  29  {P3)  of  the 
MFD  mode  word  will  be  set  to  1 and  maintained  at  1 until  20  successive  MFD  bus  2 data 
blocks  have  been  received  with  no  parity  errors. 

The  NCU  will  respond  10  MFD  bus  1 and  bus  2 failure  by  annunciation  of  the  NCDU, 
as  defined  in  section  6.0. 

When  bad  data  are  received  by  the  PCU  over  MFD  bus  1 and  bus  2 during  the  same 
time  interval,  the  DS  will  continue  to  generate  symbology  from  the  last  valid  data  received 
over  both  buses.  This  mechanization  is  desirable  initially  for  troubleshooting.  Later  in  the 
program,  it  will  be  desirable  to  modify  the  display  system  software  to  cause  the  MFD 
display  to  go  blank  if  no  valid  data  are  received  over  .MFD  bus  1 and/or  bus  2 for  a defined 
period  of  time. 

The  NCU  will  ignore  MFD  mode  words  on  the  PCU/NCU  bus  that  have  bad  parity. 

System  self-test  features  for  the  MFD  and  the  PCU/NCU  interfaces  are  defined  in 
section  2.5. 

2.2.4  Interface  Timing 

Data  are  transmitted  at  an  average  rate  of  750  psec  per  word,  as  shown  in  figure  2-6. 
The  timing  relationship  between  MFD  bus  1 and  bus  2 transmissions  is  shown  in  figure  2-7. 

The  MFD  bus  1,  MFD  bus  2,  and  EADI  bus  data  transmissions  will  be  initiated  under 
NCU  software  control  and,  once  initiated,  will  continue  until  the  complete  data  block  has 
been  transmitted.  The  MFD  bus  1 data  block  w’ill  conform  to  the  mode  selected  on  the 
MFD  mode  control  unit  and  transmitted  to  the  NCU  over  the  NCU/PCU  bus.  When  the 
NCU  has  responded  to  a mode  change  by  editing  and  assembling  the  data  corresponding  to 
the  mode  selected,  it  transmits  the  data  to  the  PCU  with  the  MFD  mode  words 
corresponding  to  the  data  in  word  numbers  507  and  509,  as  shown  in  table  2-1 . 

The  PCU  changes  its  internal  operations  to  perform  the  new  mode  selected  on  the 
MFD  mode  control  unit  only  after  it  receives  the  mode  word  back  from  the  NCU,  as 
described  above. 

When  the  MFD  bus  1 5 1 2-word  transmission  is  completed,  as  signified  by  an  EOT  code 
in  the  last  word  transmitted,  the  following  sequence  of  events  will  take  place.  Figure  2 - 
shows  the  transition  from  the  n-1  to  the  nth  data  block  for  the  track-up  map  mode. 

• Prior  to  the  nth  data  block  EOT,  the  MFD  display  is  being  generated  from  the  n-1 
MFD  bus  1 background  data  block  previously  received,  and  is  incrementing  and 
resolving  the  background  data  coordinates  from  increments  and  angle  data 
pertaining  to  the  n-1  data  block  received  over  MFD  bus  2. 


• The  PCU  will  check  each  word  of  the  nth  data  block  for  parity,  check  the  512th 
word  for  EOT  (word  number  511)  and,  if  both  checks  are  positive,  accept  the 
data.  The  PCU  will  transmit  the  MFD  mode  word  with  bit  30  set  to  0 for 
acceptance,  or  1 for  bad  data,  within  50  msec  of  EOT  receipt.  Any  change  to  1 
wilt  be  transmitted  at  least  twice. 

• If  the  bus  1 data  are  accepted,  ‘he  PCU  will  take  the  delta  word  data  from  word 
number  510  (MFD  1)  and  word  508  (MFD  2)  and  use  the  data  to  override  MFD 
bus  2 delta  position  data  for  the  next  100  msec. 

• If  the  bus  1 data  are  not  accepted,  the  PCU  will  continue  to  use  the  n-1  data 
block  and  the  delta  position  data  from  MFD  bus  2. 

« The  NCU  continues  to  transmit  the  delta  data  corresponding  to  the  n-1  data  block 
for  the  next  two  MFD  bus  2 transmissions  after  it  has  transmitted  the  EOT  for 
the  nth  data  block  on  MFD  bus  1,  as  shown  in  figure  2-7.  Thereafter,  the  MFD 
bus  2 data  will  correspond  to  the  nth  MFD  bus  1 data  block,  except  when  the  nth 
data  block  was  not  accepted  by  the  PCU. 

• On  receipt  of  the  MFD  mode  word  with  bit  30  set  to  1 (indicating  that  the  nth 
MFD  bus  1 data  block  was  not  accepted),  the  NCU  will  continue  to  put  out  delta 
position  data  for  the  n-1  data  block. 

2.2.5  PCU  Data  Buffers 

The  PCU  has  multiple-storage  zones  in  its  memory  for  the  MFD  1 and  MFD  2 data  bus 
input  data  storage. 

Two  512-word  storage  zones  are  required  for  MFD  bus  1 data.  While  one  is  in  use  for 
display  generation,  the  other  is  accumulating  the  incoming  data.  When  512  words  have  been 
received  and  parity  and  EOT  checks  are  good,  the  PCU  switches  over  to  this  memory  zone 
at  the  end  of  the  current  20-msec  refresh  cycle. 

Three  64-word  storage  zones  are  required  for  MFD  bus  2 data.  During  a particular 
display  refresh  cycle,  one  zone  will  be  in  use,  another  will  complete  the  reception  of  a 
64- word  data  block,  and  the  third  will  start  accumulating  the  next  64-word  transmission. 

2.3  MFD  MODE/DATA  CONTROL 

MFD  mode  and  map  scale  are  selected  with  the  MFD  mode  control  unit  (MCU)  shown 
in  figure  2-8  and  as  specified  in  table  2-5.  Data  displayed  on  the  MFD  are  controlled  through 
the  navigation  control  display  unit  (NCDU),  as  summarized  in  section  2.6,  and  through  the 
system  control  unit  (SCU),  as  specified  below.  The  SCU  is  a test  tool  only  and  is  available  to 
provide  flexibility  during  testing. 

The  mode,  scale,  and  symbology  selections,  defined  in  table  2-5,  are  encoded  in  the 
PCU  and  transmitted  to  the  NCU  via  the  PCU/NCU  bus.  This  MFD  1 mode  word  is  defined 
in  figure  2-5. 


The  NCU  will  interpret  the  MFD  mode  word;  process  the  data  necessary  for  the 
particular  mode,  scale,  and  symbology  options  selected;  and  transmit  the  data  to  the  PCU 
over  MFD  bus  1 and  bus  2 as  defined  in  section  2.2.  This  new  transmission  will  include  the 
MFD  mode  word  in  position  509  on  MFD  bus  1 , as  shown  in  table  2-1 . 

Background  map  data  selected  OFF  on  the  MFD  mode  control  unit  will  be  deleted  by 
the  NCU  from  the  background  table  data  transmitted  over  MFD  bus  1.  Included  in  this 
category  is  the  symbology  controlled  by  the  NAVAIDS,  TERRAIN,  GRP,  and  AIRPORTS 
symbology  option  buttons  (see  fig.  2-8). 

The  T-NAV  symbology  option  button  controls  symbology  transmitted  as  table  data 
over  MFD  bus  2.  When  the  button  is  selected  OFF,  these  data  will  be  deleted  by  the  NCU 
from  data  transmission. 

The  display  system  does  not  react  to  the  mode,  scale,  or  symbology  change  until  the 
MFD  mode  word  is  received  back  from  the  NCU.  The  exception  to  this  rule  is  the  test 
mode.  The  display  system  will  respond  directly  to  this  mode  selection  independent  of  the 
NCU  and  will  draw  the  predefined  test  pattern  on  the  MFD  display,  overriding  the  data 
transmitted  from  the  NCU  (see  fig.  2-14  for  format).  The  normal  delay  between  change  of 
mode,  scale,  or  symbology  selection  on  the  MFD  mode  panel  and  the  appearance  of  the 
corresponding  MFD  display  format  shall  not  exceed  2 sec. 

When  the  SCU  is  connectea  to  the  display  system,  the  PCU  will  have  the  capability  of 
controlling  symbology  defined  by  any  general-function,  label-coded  data  from  MFD  bus  2. 
This  symbology  will  be  controllable  ON/OFF  by  the  SCU  selection  switches;  control  is 
independent  of  the  NCU. 

The  symbology  under  SCU  control  is  limited  to  EADl  direct  inputs,  EADI  bus,  and 
MFD  bus  2 functions  with  label  addresses.  Display  table  data  symbology  is  controlled  via 
the  MFD  mode  control  unit  and  the  NCDU.  The  MFD  symbols  under  SCU  control  are 
defined  in  section  2.7. 

2.4  MFD  SYMBOLOGY 

The  symbology  repertoire  required  for  the  MFD  is  defined  in  table  2-6.  Note  that  the 
dimensions  given  in  table  2-6  are  maximum  size.  The  seven-bit  codes  that  are  used  to 
identify  symbology  are  defined  in  table  2-7.  Special-function  symbology  transmitted  over 
MFD  bus  2 does  not  have  seven-bit  codes  assigned. 

2.4.1  Track-Up  Map  Mode 

A detailed  description  of  the  function,  priority,  and  mechanization  of  each  MFD 
symbol  is  presented  below  for  the  track-up  map  mode. 

2.4. 1.1  General 

The  track-up  map  mode  shall  display  a track-up  oriented  map  that  moves  about  a fixed 
aircraft  symbol.  The  format  shall  consist  of  an  airplane  symbol,  a curved-trend  vector,  a 


straight-trend  vector,  a digitai  and  analog  indication  of  present  track,  two  selected  track 
indicators,  major  airfields,  navaids,  geographic  reference  points  (GRPs),  mountains, 
obstructions,  ADIZ  and  FIR  boundaries,  waypoints,  a route  tine,  and  digital  navigation  data. 
A representative  track-up  map  display  format  is  given  in  figure  2-9,  and  the  location  of 
reference  points  is  shown  in  figure  2-10. 

The  NCU/DS  shall  be  capable  of  providing  six  map  scales:  1 , 2,  4,  8,  1 6,  and  32  nmi/in. 
These  scales  shall  be  selectable  from  the  MFD  mode  control  unit. 

The  NCU  will  extract  the  data  required  for  each  selected  map  scale  from  the  bulk  data 
memory,  which  is  defined  in  section  3.0.  From  these  bulk  data  and  airplane  present 
position,  the  NCU  will  edit  and  categorize  the  map  background  data  for  transmission  to  the 
PCU  via  MFD  bus  1.  Only  the  particular  categories  of  data  applicable  to  the  map  scale 
selected,  and  the  symbology  options  selected  on  the  MFD  mode  control  unit  or  the  NCDU, 
will  be  transmitted.  The  relationship  between  each  symbol  and  the  map  scale  selected  is 
defined  below  for  e.ach  symbol. 

The  NCU  will  generate  the  background  MFD  bu.s  1 data  in  true  east  and  north  position 
coordinates  scaled  according  to  the  map  scale  selected.  East  and  north  position  increments 
and  sin  and  cos  of  true  track  angle  (TK)  will  be  computed  to  transmit  20  times/sec  to  the 
PCU  over  MFD  bus  2,  as  shown  in  figure  2-4,  to  compensate  for  aircraft  motion  between 
MFD  bus  1 data  updates. 

The  PCU  will  transmit  the  MFD  mode  control  word  whenever  status  changes  and  will 
generate  the  display  in  accordance  with  the  data  and  control  instructions  received  from  the 
NCU  over  the  two  data  buses.  The  data  received  fall  into  three  general  categories: 

1)  Symbol,  vector,  and  control  word  groups  on  MFD  bus  1 (see  figs.  2-1,  -2,  and  -3), 
collectively  called  MFD  bus  1 table  data 

2)  Symbol,  vector,  and  control  word  groups  on  MFD  bus  2,  coUectively  called  MFD 
bus  2 table  data 

3)  General-function  data  identified  by  label  code  on  MFD  2 (see  fig.  2-4) 

The  DS  generates  the  symbology  for  category'  1 and  2 table  data  directly  in  accordance 
with  the  instructions  contained  in  the  symbol  and  vector  word  formats  and  the  preceding 
code  words.  The  PCU  processes  category  3 general-function  data,  which  are  generally  in  the 
form  of  parameter  values,  and  develops  the  appropriate  symbology  in  accordance  with  the 
PCU  stored  program. 

In  the  track-up  map  mode,  the  hybrid  symbol  generator  (HSG)  adds  the  east  and  north 
position  increments,  AE  and  AN,  to  the  MFD  bus  1 table  data  coordinates.  It  transforms 
these  coordinates  into  screen  coordinates  X and  Y by  resolving  the  true  east  and  north 
coordinates  through  true  track  angle  in  accordance  with  the  I&R  control  words  preceding 


the  data  (see  table  2-1 ).  It  is  therefore  necessary  for  the  DS  internal  processing  to  be  able  to 
handle  the  equivalent  of 


^51 1“  + 51 1“  = 720  digital  bits 

for  positioning  the  beam  on  the  CRT  screen. 

The  PCU  will  also  bias  the  transformed  coordinates  to  position  the  (0,0)  reference 
point  as  shown  in  figure  2-10,  and  will  rotate  the  map  about  this  point.  Figure  2-11  is  a 
typical  representation  of  the  background  data  editing  and  coordinate  transformations 
required  in  the  track-up  mode. 

The  data  rates  required  for  computation  and  transmission  of  data  from  the  NCU  to  the 
PCU  are  summarized  in  table  2-8.  The  data  transmitted  from  the  NCU  to  the  PCU  will 
correspond  to  those  background  points  falling  within  the  minimum  edit  area  boundary 
shown  in  figure  2-11.  The  east  and  north  position  coordinates  have  a range  of  ±478 
(±5.25  in.).  The  HSG  can  therefore  accumulate  33  delta  bits  before  the  east  and  north 
position  coordinates  exceed  ±511.  When  the  incremented  coordinates  (east-i-  AE,  north  + 
AN)  of  a symbol  exceed  ±511,  the  PCU  will  ensure  that  the  symbol  does  not  appear  in  the 
viewable  area  of  the  display  unless  the  L bit  for  that  symbol  has  been  set  to  1 in  the  symbol 
type  1 word.  Similarly,  when  an  incremented  coordinate  of  a vector  point  exceeds  ±511,  the 
HSG  will  ensure  that  the  vector  line  does  not  “wrap  around”  to  an  erroneous  position  in  the 
viewable  area.  It  will  be  acceptable  if  data  points  reappear  in  erroneous  positions  after  the 
accumulated  coordinates  exceed  ±1023. 

2.4. 1.2  .Airplane  Position 

Airplane  position  shall  be  indicated  by  the  apex  of  an  elongated  triangle,  as  specified  in 
table  2-6.  This  airplane  symbol  shall  be  fixed  to  a location  1.30  m.  below  the  center  of  the 
screen,  as  shown  in  figure  2-10.  The  map  shall  rotate  about  this  point. 

The  airplane  symbol  and  offset  position  will  be  generated  within  the  DS  as  a function 
of  the  mode  selected.  No  symbol  or  position  words  are  required  from  the  NCU,  but  the 
offset  control  (OC)  bit  (see  table  2-1 ) will  be  set  to  1 in  all  MFD  bus  1 l&R  control  words  to 
instruct  the  PCU  to  use  the  offset  center. 

The  airplane  symbol  intensity  (l^)  is  1 1 . 

2.4. 1.3  Curved-Trend  Vector 

On  2-,  4-,  8-,  16-,  and  32-nmi/in.  scale  maps,  the  curved-trend  vector  consists  of  three 
curved  dashes,  each  dash  being  made  up  of  five  equal  segments  with  the  first  segment 
blanked;  on  1-nmi/in.  scale  maps,  this  trend  vector  shall  be  reduced  to  a single  dash,  i.e.,  five 
segments  with  the  first  segment  blanked.  The  curved-trend  vector  shall  be  computed  in  the 
NCU  as  defined  below  and  scaled  according  to  the  map  scale  selected.  In  the  track-up  map 
mode,  the  calculated  coordinates  X^Y,^  are  screen  oriented. 
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ACNORM  = horizontal  acceleration  normal  to  the  airplane  velocity  vector  (ft/sec^) 
VGS  = groundspeed  (ft/sec) 

n = 0 to  1 5 


One-vector 

segment 


Data  points  Xj  Yj  through  X5Y5  define  the  first  trend  vector  segment,  XgYg  through 
XiqY jq  define  the  second,  and  Xj  ] Yj  j through  X j5Yj5  define  the  third. 

Xj^,  Yj^  will  be  converted  to  screen  coordinates  according  to  the  map  scale  selected.  If 
either  Xj.,  or  Yj^  exceeds  ±511,  subsequent  vector  segments  need  not  be  calculated. 

The  curved-trend  vector  will  be  computed  20  times/sec  in  the  NCU,  with  the  data 
transmitted  to  the  PCD  via  MFD  bus  2 in  the  form  of  three  vector  word  groups  of  four 
segments  each.  The  position  of  these  words  in  the  MFD  bus  2 64-word  data  block  is  shown 
in  table  2-2.  An  I&R  control  word  with  IC  = 00  and  RC  = 00  will  precede  the  curved-trend 
vector  data. 

The  vector  code  used  is  1 100000,  as  shown  in  table  2-7,  and  intensity  ly  will  be  set  to 
1 1 by  the  NCU.  The  DS  will  generate  the  vectors  in  accordance  with  the  control  word. 
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2.4. 1.4  Straight-Trend  Vector 

The  straight-trend  vector  will  project  straight  ahead  from  a point  0.625  in.  ahead  of  the 
apex  of  the  airplane  symbol  to  the  lower  edge  of  the  track  scale. 

This  symbol  wll  be  generated  by  the  DS  with  an  intensity  I\/  of  01.  No  data  are 
required  from  the  NCU. 

2.4. 1.5  Track  (TK)Tape 

Present  track  (magnetic)  shall  be  indicated  by  a digital  readout  centered  at  the  top  of 
the  screen,  winch  shall  indicate  actual  track  to  the  nearest  degree  (three  digits)  and  a track 
scale  approximately  100°  long.  The  track  scale  shall  consist  of  5°  minor  indices,  10°  major 
indices,  and  labels  spaced  at  30°  intervals.  This  segment  of  track  scale,  scaled  at  16°/in.,  shall 
have  a total  travel  of  360°;  the  index  mark  for  this  track  scale  shall  be  a vertical  line 
extending  from  the  digital  readout  to  the  top  of  the  scale,  as  shown  below  and  in  table  2-6 


The  NCU  will  transmit  magnetic  track  angle  (TKj^^)  data  in  the  form  of  a binary  word 
defining  degrees '180  and  a BCD  word  defining  degrees.  The  binary  data  word  will  be 
computed  and  transmitted  20  times/sec  over  MFD  bus  2 with  the  label  identification 
01000010,  and  the  BCD  word  will  be  computed  once/sec  and  transmitted  20  times/sec  with 
label  0100001 1 , as  shown  in  table  2-2. 

The  DS  will  generate  the  track  tape  and  alphanumeric  readout  as  shown  above  from 
the  binary  and  BCD  track  data  transmitted  from  the  NCU  whenever  the  DMs  are  valid. 

2.4. 1 .6  Track  Angle  Error 

Track  angle  error  is  defined  in  two  forms  depending  on  whether  an  autopilot  track 
select  mode  has  been  activated.  During  normal  flight  plan  guidance  (GUID4D,  GUID3D,  or 
GUID2D),  track  angle  error  (TKE)  is  computed  with  respect  to  the  flight  plan  path  nominal 
track  DSRTK  as  TKE  = TK  - DSRTK.  When  autopilot  track  select  is  activated  (PSTTKA  or 
TKSEL),  the  function  TKESEL  is  computed,  where  TKESEL  = HLDTK-TK.  These  two 
functions  are  used  to  drive  the  track  angle  error  symbology  as  defined  below. 

2.4. 1.6. 1 Track  Select  Symbol-T\\\s  symbol,  illustrated  in  figure  2-9,  is  generated  only 
when  the  autopilot  mode  PS'ITKA  or  TKSEL  has  been  activated. 
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The  NCU  will  transmit  the  sm  and  cos  of  TKESEL  to  the  PCU  20  times/sec  over  MFD 
bus  2 with  the  label  01000100  and  the  word  format  defined  in  figure  2-4.  When  TK  HLD 
has  been  activated  as  described  above,  the  designation  matrix  (DM)  will  be  valid.  Under  all 
other  conditions,  DM  will  be  set  to  invalid  (11). 

The  DS  will  general?  the  line  of  dots  symbol,  as  defined  in  table  2-6  and  table  2-7 
(code  000101 1 ),  with  an  intensity  Ig  = 10  whenever  the  DM  is  valid. 

2.4. 1.6.2  Track  Angle  Error  Bng-This  symbol,  illustrated  in  figure  2-9,  is  displayed  at 
all  times  when  a flight  plan  has  been  entered  into  the  system  through  the  NCDU  or  an 
autopilot  track  select  mode  (PSTTKA  orTKSEL)  has  been  activated. 

When  the  PSTTKA  or  TKSEL  mode  has  been  activated,  the  NCU  will  compute  and 
transmit  the  quantity  (±TKESEL  x 90/16)“  20  times/sec  over  MFD  bus  2 with  label 
identification  01000101  and  the  word  format  shown  in  figure  2-4.  When  PSTTKA  or 
TKSEL  is  not  activated  but  a flight  plan  has  been  entered  into  the  NCDU,  the  NCU  will 
compute  and  transmit  the  quantity  (±TKE  x 90/16)°  20  times/sec  over  MFD  bus  2 with 
label  identification  01000101  and  the  word  format  shown  in  figure  2-4.  The  absolute  value 
in  both  cases  will  be  limited  to  240. 

When  no  flight  plan  has  been  entered  into  the  NCU,  and  PSTTKA  or  TKSEL  have  not 
been  activated,  the  designation  matrix  of  word  label  01000101  will  be  set  to  invalid  (11). 

When  the  DM  is  valid,  the  DS  will  generate  the  track  angle  error  bug  symbol  (defined  in 
table  2-6)  with  an  intensity  I5  = 10.  The  DS  will  position  the  symbol  in  the  Y dimension  so 
that  the  tips  of  the  symbol  will  lie  on  the  baseline  of  the  track  scale  defined  in 
section  2.4. 1.5. 

2.4. 1.7  Map  Background  Data 

The  map  background  data  are  derived  from  the  bulk  data  memory  of  the  NCU,  defined 
in  section  3.0.  These  data  include  selected  airfields,  waypoints,  navaids,  geographic  reference 
points,  mountains  and  obstructions,  FIR  boundaries,  and  ADIZ/CADIZ  boundaries.  Other 
background  data  displayed  include  the  flight  plan  data  and  selected  functions  entered  into 
the  system  through  the  NCDU.  Interaction  of  the  NCDU  with  the  MFD  display  is  outlined 
in  section  2.6.  Note  that  if  data  have  been  selected  for  display  in  the  NCDU  look-up  mode, 
these  data  will  appear  on  the  MFD  display  regardless  of  MFD  mode  control  unit  option 
selection. 

The  NCU  shall  edit  these  data  in  accordance  with  the  mode,  scale,  and  symbology 
options  selected  on  the  MFD  mode  control  unit  and  encoded  in  the  MFD  mode  word 
transmitted  on  the  PCU/NCU  bus  as  shown  in  figure  2-5.  The  edited  data,  called  table  data, 
are  in  the  form  of  control  words,  symbol  word  groups  including  text,  and  vector  word 
gioups  as  defined  in  figures  2-1,  -2,  and  -3,  respectively.  The  table  data  are  transmitted  to 
the  PCU  via  MFD  bus  1 as  specified  in  section  2.2. 

The  symbology  position  coordinates  defined  in  the  vector  and  symbol  type  2 words  are 
in  the  form  of  10  bits  of  north  and  cast  position  with  respect  to  the  airplane.  A tangent 


plane  projection  method  will  be  used  to  transform  the  locations  of  data  points  from  the 
spherical  earth  coordinates  (latitude  and  longitude)  used  for  bulk  data  storage  into  the  flat 
plane  coordinates  presented  on  the  CR  f display.  The  accuracy  of  this  transformation  shall 
be  such  that  the  position  of  data  points  relative  to  the  airplane  symbol  on  the  display  shall 
represent  the  bearing  and  great  circle  distance  to  the  following  accuracy: 

Bearing:  ±1“ 

East  position:  ±0.1  in.  at  remote  display  corners, 

North  position:  ±0.01  in.  at  the  reference  point 

2.4  1.7.1  Flight  /*/«/! -The  Oight  plan  is  entered  into  the  .^DEDS  system  through  the 
NCDU  as  defined  in  section  6.0.  The  flight  plan  consists  of  a series  of  waypoints  at  which  a 
nominal  time  of  arrival,  nominal  altitude,  and  nominal  groundspeed  can  be  assigned  to  make 
the  flight  plan  four  dimensional.  A flight  plan  path  is  defined  in  the  guidance  algorithm 
consisting  of  great  circle  segments  from  waypoint  to  waypoint  and  circular  arc  transitions 
between  segments.  The  data  defining  this  path  are  generated  in  the  4D  guidance  software 
and  stored  in  a flight  plan  buffer  as  defined  in  table  5-1. 

The  flight  plan  path  and  waypoints  defining  this  path  will  be  displayed  at  all  times  on 
the  MFD  map  display  whenever  a flight  plan  has  been  entered  tltrough  the  NCDU.  The 
NCDU  has  two  levels  of  data  entry,  as  outlined  in  section  2.6.  After  entry  through  the 
NCDU  but  prior  to  EXEC  (execute),  a flight  plan  is  provisional  and  will  be  displayed  as  a 
dim  dashed  line  showing  the  path  defined  in  the  provisional  guidance  buffer.  After  EXEC 
has  been  pressed,  the  entered  fliglu  plan  is  used  to  guide  the  airplane,  and  the  flight  plan 
path  is  displayed  as  a solid  line  complete  with  circular  arc  transitions  and  turn  markers 
defined  in  section  2.4. 1.7.12. 

A provisional  flight  plan  entry  will  be  storeo  in  the  provisional  guidance  buffer  as 
defined  in  section  6.0. 

The  MFD  display  requirements  for  the  waypoint  and  flight  plan  path  line  are  defined 
below. 

2.4. 1.7. 1.1  Flight  Plan  Waypoints:  The  NCU  will  extract  the  latitude  and  longitude 
coordinates  and  designators  of  all  waypoints  in  the  flight  plan  buffers.  In  general,  both 
provisional  and  accepted  waypoint  entries  will  be  included.  The  NCU  will  generate  a symbol 
word  group  defining  the  star  symbol,  its  position,  and  alphanumeric  designator.  The  type  1 
word  will  include  the  symbol  code  001 1 100,  OFS  = 00,  R = 0.  SS  = 1 1,  L = 0,  Ig  and  !j  = 
10,  and  ST  = 0.  The  type  2 word  defines  E and  N coordinates,  and  one  or  two  type  4 words 
define  the  designator  with  WF  = 0 in  the  last  type  4 word. 

There  is  one  exception  to  this  rule.  The  touchdown  point  on  the  runway,  which  will  be 
included  in  the  flight  plan  when  a runway  SID  or  STAR  is  selected,  will  be  tagged  in  the 
flight  plan  buffer  to  signify  that  the  star  symbol  0011100  will  not  be  used  for  this  flight 
plan  waypoint.  This  applies  for  both  the  takeoff  and  landing  runway. 


Note  that  when  the  MFD  display  options  NAVAIDS,  AIRPORTS,  or  GRP  are  selected 
on  the  MFD  mode  control  unit,  the  respective  symbology  defined  in  sections  2.4. 1.7. 5, 
2.4. 1.7. 3,  and  2.4. 1.7.4  will  superimpo.se  the  star  symbol,  as  shown  in  figure  2-9  for  HQM. 

The  DS  will  generate  the  symbology  as  defined  in  table  2-6  and  in  accordance  with  the 
preceding  I&R  control  words  in  the  MFD  bus  1 data  transmission.  Symbols  and  designators 
will  remain  upright  as  the  map  rotates 

2.4. 1.7. 1.2  Flight  Plan  Patlr  The  displayed  path  shall  approximate  the  great  circle  line 
between  waypoints,  meeting  the  following  accuracy  requirement: 

idisplayed  route  - great  circle  routel  < 0.01  in.  in  the  vicinity  of  the  airplane  symbol 

In  general,  the  flight  plan  path  will  originate  at  the  nominal  liftoff  point  on  the  takeoff 
runway  and  terminate  at  the  nominal  touchdown  point  on  the  arrival  runway. 

The  data  defining  the  fiiglit  plan  circular  arcs,  tangent  points,  turn  initiation  points, 
etc.,  generated  by  the  guidance  and  control  algorithms  defined  in  section  5.0,  will  not 
include  definition  of  all  points  necessary  to  define  the  vector  line  in  latitude,  longitude,  or 
east  and  north  coordinates.  It  will  therefore  be  necessary  for  the  MFD  display’s  NCU 
softwaie  to  generate  a separate  fliglit  plan  data  buffer  to  store  the  data  related  to  the  flight 
plan  required  for  transmittal  to  the  PCU. 

The  NCU  MFD  software  subroutine  must  also  calculate  the  coordinates  where  the 
route  tine  intersects  the  edit  area  boundary.  This  is  a general  requirement  applicable  to  all 
vector  lines  crossing  the  edit  area  boundary. 

The  NCU  will  generate  the  vector  word  groups  to  define  the  flight  plan.  The  vector  will 
be  defined  by  the  vector  1 100000  with  ly  = 01  and  will  include  conic  vector  words  (see  fig. 
2-3)  to  define  the  circular  arc  transitions  and  circular  arc  fiiglit  legs.  To  satisfy  the 
requirements  of  the  DS  for  generating  circular  arcs,  the  NCU  must  provide: 

• Radius  of  turn  (WPRTN),  defined  in  the  4D  guidance  (sec.  5. 3. 1.4) 

• Arc  length,  available  from  the  guidance  software  as  defined  in  section  5.0 
(WPA02  X 2) 

• Position  at  the  start  of  the  circular  arc  (Ej.jNj^),  dependent  on  the  radius  of  turn 
defined  above  and  the  angular  change  in  direction  between  the  two  flight 
legs  (TA) 

• Initial  tangent  angle  (ITAN)  with  respect  to  true  north,  derived  from  the 
waypoint  coordinates  (Ej,  Nj)  and  the  previous  waypoint  coordinates  (Ej.j,  Nj.j) 


(ITAN)  = tan'^ 


(Ej-Ej.,) 

(Ni-Nj.,) 
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To  satisfy  tlie  accuracy  requirements,  it  may  also  be  necessary  for  the  NCU  to  break 
down  long  great  circle  paths  into  shorter  segments  that  can  be  represented  by  straight  lines 
on  the  display. 


A simple  flight  plan  segment  is  shown  below  with  the  type  of  vector  words  required  to 
define  it  (see  fig.  2-3)  and  the  data  available  from  the  guidance  software  (table  5-1)  to  define 
the  vector  type  2 word  coordinates  by  plane  geometry.  The  data  available  from  the  flight 
plan  buffer  (table  5-1 ) are: 


WPPPD 

VVPDTT 

WPA02 

WPRTN 


great  circle  distance  from  waypointj.j  to  waypointj 
distance  from  waypoint  to  tangent  points 
arc  length  of  curved  path  divided  by  2 
radius  of  turn 


The  transmission  sequence  will  be  Vj,  V-y,  V2>  V3A,  V3B.  V-7,  V2,  where  Vj 
represents  a vector  type  1 word,  etc.  Each  word  will  have  the  WF  bit  set  to  0 until  the  end 
of  the  vector  is  reached.  The  second  V2  will  have  the  C bit  set  to  1 in  this  example. 

When  a flight  plan  has  been  entered  into  the  system  through  the  NCDU  but  not 
accepted  (prior  to  EXEC),  the  NCU  will  generate  flight  plan  straight-line  vectors  from 
waypoint  to  waypoint  with  vector  code  1 100001  and  ly  = 01. 


The  DS  will  generate  the  vector  line  symbology  as  defined  in  table  2-6  and  in 
accordance  with  the  preceding  l&R  control  word  in  the  MFD  bus  1 data  transmission. 

2.4. 1.7. 1.3  Offset  Flight  Plan;  A flight  plan  can  be  defined  through  the  NCDU,  as 
defined  in  section  6.0,  such  that  a path  parallel  to  the  path  defined  by  the  flight  plan 
waypoints  is  followed  by  the  guidance  system.  This  mode  of  operation  is  activated  by  SEL 
OFFSET  mode  selection  on  the  NCDU.  The  offset  is  entered  as  miles  left  or  right. 

When  OFFSET  has  been  selected,  the  NCU  will  preserve  the  flight  plan  waypoint 
display  as  defined  in  section  2.4.1.7.1.I,  and  change  the  vector  code  to  1100001  with 
Iy  = 01  for  a dashed-line  presentation  of  the  original  flight  plan  path.  The  NCU  will 
generate  an  additional  vector  word  group  to  represent  the  offset  path,  as  shown  below. 


The  end  points  of  the  offset  vector  line  are  positioned  at  the  intercepts  of  the  offset  line 
parallel  to  the  flight  plan  path  and  the  angular  bisector  of  the  turn  angle. 

When  the  OFFSET  mode  has  been  canceled  on  the  NCDU,  as  defined  in  section  6.0, 
the  NCU  will  revert  to  the  conditions  defined  in  section  2.4. 1.7. 1.2.  The  NCDU  routine  will 


set  the  following  functions; 

OFSSEL 

= flag 

OFBIAS 

= offset  distance,  positive  right  of  track 

The  DS  will  generate  the  vector  lines  as  defined  in  table  2-6  and  in  accordance  with  the 
preceding  I&R  control  words  in  the  MFD  bus  1 data  transmission. 

2.4.1. 1.2  SIDS  and  STARS-The  SIDS  and  STARS  for  the  primary  flight  test  airfields 
shall  be  available  for  display  when  they  have  been  individually  selected  into  the  flight  plan 
through  the  NCDU  as  specified  in  section  6.0.  They  will  be  displayed  as  a sequence  of 
waypoints,  with  the  star  symbology  connected  by  a route  line  as  described  in  section 
2.4. 1.7.1.  The  last  waypoint  on  a STAR  and  the  first  waypoint  of  a SID  will  be  the  nominal 
touchdown  point  on  the  runway. 
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2.4. 1.7.3  Airfields  and  Runways  Tlie  airfields,  specified  in  the  bulk  data  memory, 
shall  be  available  for  display  purposes.  These  airfields  are  categorized  as  follows: 

Category  1 All  airfields  required  for  (light  test  for  v/hich  detailed  terminal 
area  data  (runway  parameters.  SIDS,  STARS,  etc.)  will  be  stored 
in  the  bulk  data  memory 

Category  2 A select  number  of  airfields  for  which  only  MFD  symbol  data  will 
be  stored 

Category  2 airfields  are  recognized  by  RWY  = 0 in  the  bulk  data  storage  format  defined 
in  section  3.0.  Symbology  displayed  on  the  MFD  will  be  dependent  on  whether  an  airfield 
or  an  airfield  and  a runway  have  been  entered  into  the  flight  plan  through  the  NCDU.  Flight 
plan  airfields  and  runway  data  are  included  in  the  flight  plan  buffer  memory  defined  in  table 
5-1.  Symbology  will  also  be  dependent  on  map  scale. 

Generation  of  the  symbology  required  for  display  is  described  below  for  the  following 
categories:  airfields,  origin  and  destination  airfields,  runways,  extended  runway  centerline, 
outer  marker,  missed  approach  waypoints,  and  missed  approach  route  line  (secs.  2.4. 1.7. 3.1 
through  2.4. 1.7. 3. 7).  The  data  required  to  generate  this  symbology  are  stored  in  the  airfield 
data  block  in  the  bulk  storage  of  the  NCU,  as  defined  in  section  3.0. 

2,4. 1 .7.3. 1 Airfields:  All  airfield  symbology  shall  be  selectable  ON  or  OFF  through  the 
MFD  mode  control  unit  as  specified  in  table  2-4.  When  selected  OFF,  the  NCU  will  delete 
the  airfield  data  from  the  .MFD  bus  1 transmission.  When  selected  ON,  the  airfields  will  be 
represented  by  the  symbol  defined  in  table  2-6  with  code  0001 1 10.  The  symbol  shall  be 
displayed  with  the  proper  orientation,-  and  the  ICAO  identifiers  of  the  airfield  shall  be 
displayed  as  shown  below;  location  of  the  four-letter  ICAO  identifier  is  defined  by  the 
OFS  code. 

The  NCU  will  edit  the  airfield  data  stored  in  the  bulk  data  memory  according  to  the 
MFD  map  scale  selected.  The  NCU  will  generate  a symbol  word  group  (fig.  2-2)  including 
one  type  1,  one  type  2,  one  type  3,  and  two  type  4 words  for  each  airport  within  the  edit 
area.  Word  type  1 will  include  the  symbol  code  0001 110,  R = 1.  OFS  = 00,  SS  = 1 1,  = 

10.  L=  0,  and  Ij  = 10.  The  type  2 word  defines  position  coordinates  derived  from  airport 
reference  latitude  and  longitude  coordinates  stored  in  the  bulk  data  memory.  The  type  3 
word  defines  the  orientation  of  the  longest  runway  with  respect  to  true  north,  and  the  two 
type  4 words  define  the  four-letter-lCAO  designator,  WF  = 1 in  the  last  type  4 word. 

The  symbol  word  groups  defining  airfield  symbology  will  be  preceded  in  the  MFD  bus 
1 data  block  by  an  I&R  control  word  with  WF  = 0,  TC  = 1 , OC  = 1 , RC  = 1 , RS  = 1 , and 
IC=  11. 

The  DS  will  generate  the  airfield  symbol  as  defined  in  table  2-6,  and  rotate  it  through 
the  angle  defined  in  the  symbol  type  3 word,,  added  to  the  angle  defined  in  word  label 
01000010  on  MFD  bus  2.  The  ICAO  designator  will  be  maintained  upright  as  the  map  and 
airfield  symbol  rotate. 


2.4. 1.7. 3.2  Origin  and  Destination  Airfields;  An  origin  and  destination  airfield  can  be 
entered  into  the  flight  plan,  as  defined  in  section  6.0.  When  an  airfield  has  been  entered  into 
the  flight  plan  but  no  runway  has  been  selected,  the  display  symbology  is  identical  to  any 
other  flight  plan  waypoint  as  defined  in  section  2. 7. 1.7. 1. 1 and  as  illustrated  in  figure  2-9 
for  KSEA.  When  a runway  has  been  entered  into  the  flight  plan,  the  reference  waypoints  foi 
the  runway  are  defined  in  the  flight  plan  buffer,  and  additional  symbology  is  as  defined  in 
section  2.4. 1 .7.3.3. 

When  the  AIRPORTS  option  is  selected  on  the  MFD  mode  control  unit,  the  airport 
symbol  as  defined  in  section  2.7.1 .7.3.1  will  be  superimposed  on  the  waypoint  star  symbol. 

When  a runway  has  also  been  entered  into  the  flight  plan  and  a map  scale  of  1,  2,  or  4 
nmi/in.  has  been  selected  on  the  MFD  mode  control  unit,  the  airfield  symbology  is  changed 
to  include  the  runway  symbology; extended  runway  centerline  at  the  origin  airport;  runway 
symbology,  runway  centerline,  and  outer  marker;  missed  approach  waypoints;  and  missed 
approach  path  at  the  destination  airport  (secs.  2. 7. 1.7. 3. 3 through  2. 7. 1. 7. 3. 7). 

2. 4.1. 7. 3. 3 Runway:  The  NCU  will  use  the  runway  threshold  point  coordinates  to 
generate  two  vector  end  points  to  transmit  to  the  PCD  as  a vector  word  group  (fig.  2-3)  over 
MFD  bus  1 in  the  1,  2,  and  4 nmi/in.  map  scales  only.  The  double-vector  code  1 101000,  as 
defined  in  table  2-7,  will  be  used  with  intensity  ly  set  to  10  by  the  NCU.  The  positions  of 
the  vector  end  points  can  be  computed  from  the  threshold  reference  points  stored  in  bulk 
memory,  with  an  offset  of  three  bits  to  the  left  added  to  the  coordinates  so  that  the  center 
of  the  double  vector  approximates  the  runway  centerline. 

The  DS  will  draw  the  second  line  of  a double-vector  six  bits  (0.066  in.)  to  the  right  of 
the  reference  point. 

The  airport  designator  will  be  positioned  as  shown  above  and  transmitted  by  the  NCU 
as  a symbol  text  word  group  (see  fig.  2-2),  with  Ij  set  to  10  and  ST  to  0.  The  coordinates  in 
the  text  word  type  2 will  be  defined  at  the  runway  threshold  point,  with  the  four-character 
designator  preceded  by  three  spaces  in  the  type  4 words  to  provide  the  desired  position  for 
the  designator. 

2.4. 1.7. 3.4  Extended  Runway  Centerline:  This  symbology  will  appear  on  the  1, 2,  and 
4 nmi/in.  scales  only,  and  will  consist  of  a long  dashed  line  scaled  to  represent  10  nmi. 

The  NCU  will  generate  a vector  word  group  using  vector  code  1 100001  with  ly  set  to 
01  in  the  vector  word  type  1.  The  first  vector  word  type  2 coordinates  (EjNj)  will  be 
defined  by  the  runway  threshold  coordinates  from  bulk  storage.  The  second  vector  word 
type  2 will  have  WF  = 1 and  will  define  the  end  point  coordinates  (E-)N2)  of  the  10-nmi 
extension,  computed  as 


E2  = El  -i-  K X 10  sin  1/' 
N2  = Nj  + K X 10  cos  <// 


O') 


where: 


\jj  = runway  true  heading 

K = map  seale  factor 

The  DS  will  gcneraie  the  vector  symbology  in  its  normal  table  mode. 

2.4. 1.7. 3. 5 Outer  Marker:  The  NCU  will  generate  a symbol  word  group  (fig.  2-2)  to 
represent  the  outer  marker  and  designators  on  the  1,  2,  and  4 nmi/in.  scales  only  when  the 
NAVAIDS  option  is  selected  on  the  MFD  mode  control  unit.  The  symbol  code  will  be 
0010000  and  OFS  = 00,  P.  = 1,  SS  = 1 1,  L = 0,  Ig  and  lj=  10,  and  ST  = 0.  This  symbol 
word  group  will  include  a type  3 word  defining  the  symbol  orientation  with  respect  to  true 
north,  as  well  as  three  type  4 words  with  ST  = 0 to  define  the  designators  for  the  marker 
and  runway.  This  designator  will  include  line  feed  and  carriage  return  codes  as  shown  in  the 
following  example: 


LOM  BF 
21L 

with  the  symbol  type  4 words  coded  as  follows 


Word  1 

L 

0 

M 

Word  2 

B 

F 

CR 

Word  3 

LF 

2 

1 

Word  4 

L 

b 

b 

c . 

CR  = 

carriage  return  code  000001 1 

LF  = 

line  feed  code  0000010 

b = 

blank 

This  symbol  word  group  will  be  preceded  in  the  MFD  bus  1 data  transmission  by  an 
l&R  control  word  with  WF  = 0,  TC  = 1 , OC  = 1 , RC  = 1 , RS  = 1 , and  1C  = 11.  The  DS  will 
maintain  the  orientation  of  the  outer  marker  symbol  by  adding  track  angle  from  the  MFD 
bus  2 word  label  01000010  to  the  type  3 word  in  accordance  with  the  control  word.  The 
DS  will  also  maintain  the  alphanurneiic  designator  upright  as  the  map  rotates.  The  DS  will 
interpret  the  CR  code  to  return  the  beam  to  the  symbol  OFS  reference  point,  X coordinate, 
and  the  LF  will  cause  the  beam  to  move  down  from  that  point  by  one  to  five  times 
character  height,  defined  by  Sj. 

2.4.1 .7.3.6  Missed  Approach  Waypoints.  Stored  in  the  NCU  bulk  storage  as  part  of  the 
category  1 airfield  data,  these  waypoints  define  a continuous  path  for  the  missed  approach 
procedure  for  the  selected  runway.  The  first  waypoint  on  the  missed  approach  path  will  lie 


on  the  final  approach  path  as  shown  below.  This  waypoint  marks  the  missed  approach 
decision  point. 


W 


FIXB 

HOLD 


\ 


\ 


FIX  A 


Missed  approach  procedures  that  direct  the  aircraft  to  a holding  fix  will  be  shown  with 
the  holding  pattern  displayed  as  defined  in  section  2.4.1 .7.10. 

The  NCU  will  generate  symbol  word  groups  to  define  each  missed  approach  waypoint 
as  defined  in  section  2.4. 1.7. 1.1,  except  the  missed  approach  decision  point  that  uses  the 
tick  mark  symbol  defined  in  section  2.4.1.7.12. 

The  DS  will  generate  the  symbols  in  its  normal  table  mode. 

2.4. 1.7. 3. 7 Missed  Approach  Route  Line:  Missed  approach  (MAP)  data  for  primary 
runways  at  category  II  airfields  will  be  stored  in  bulk  data  memory.  These  data  will  be 
extracted  by  the  NCDU  routine  and  transferred  to  the  provisional  guidance  buffer  memory 
when  the  waypoint  prior  to  the  runway  touchdown  point  (TDZ)  is  passed.  At  this  time  it 
will  be  drawn  as  a provisional  dashed  line  path  on  the  MFD.  When  the  EXEC  key  on  the 
NCDU  is  pressed,  the  MAP  data  are  transferred  to  the  active  guidance  buffer  and  will  then 
appear  on  the  MFD  as  an  accepted  flight  plan  solid  line  path. 

When  the  MAP  path  is  stored  in  the  provisional  guidance  buffer,  the  NCU  will  process 
the  provisional  guidance  buffer  data  in  the  manner  defined  in  section  2.4. 1. 7. 1.2.  The  data 
will  be  transmitted  in  table  format  over  MFD  bus  1 using  vector  code  1 100001.  When  the 
MAP  path  is  stored  in  the  active  guidance  buffer,  the  NCU  will  process  the  active  guidance 
buffer  data  in  the  same  manner;  however,  the  data  will  be  transmitted  in  table  format  over 
MFD  bus  1 using  vector  code  1 1 00000.  In  both  cases,  the  MAP  may  include  a holding 
pattern  that  will  be  processed  by  the  NCU  as  defined  in  section  2.4. 1.7.6. 


The  DS  will  generate  the  symbology  for  the  MAP  in  its  normal  MFD  bus  1 table  mode. 
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2.4  1.7.4  Geographic  Reference  Foints-The&c  background  data  are  defined  as 
geographic  points  used  for  flight  planning  and  route  selection  that  are  not  radiating  navaid 
facilities  such  as  VOR  and  VORTAC. 

Geographic  reference  points  (GRPs)  are  divided  into  two  categories:  prestored  data 
points  defined  in  the  bulk  storage  memory,  and  data  points  entered  and  defined  through  the 
NCDU  keyboard.  They  are  further  divided  into  two  types:  high  and  low  altitude.  The 
symbol  code  is  0001001  (see  table  2-7).  GRPs  are  generally  identified  by  a five-letter 
designator  derived  from  the  geographic  name. 

Impromptu  GRPs  entered  as  waypoints  into  the  (light  plan  through  the  NCDU 
keyboard  in  the  form  of  a latitude  “and  longitude,  or  range  and  bearing  from  a navaid 
facility,  will  be  identified  by  a sequence  number  designator  such  as  WPT  07,  which  defines 
the  seventh  such  waypoint  entered  into  the  flight  plan.  The  symbol  code  for  these  flight 
plan  waypoints  is  001 1 100  (see  table  2-7). 

Geographic  reference  points  selected  for  the  flight  plan  through  the  NCDU  will  be 
displayed  as  defined  in  section  2.4. 7. 1.1.  High-altitude  GRPs  will  be  selectable  for  display 
on  all  map  scales.  Low-altitude  GRPs  will  be  selectable  for  display  on  the  4,  2,  and  1 nmi/in. 
map  scales  only.  GRPs  will  be  selectable  ON  and  OFF  by  the  GRP  button  on  the  MFD 
mode  control  unit.  When  selected  ON,  the  GRP  symbol  will  overwrite  the  waypoint  star 
symbol. 

The  NCU  will  generate  a symbol  word  group  defining  the  GRP  triangle  symbol  code, 
its  position  with  respect  to  the  MFD  coordinate  reference  point,  and  the  alphanumeric 
designator.  OFS  will  be  set  to  00,  R to  0,  SS  to  1 1 , 1§  and  Ij  to  1 0,  L to  0,  and  ST  to  0. 

The  DS  will  generate  the  symbology  as  defined  in  table  2-6  and  will  maintain  the 
symbol  and  the  alphanumeric  designator  upright  as  the  map  rotates  in  accordance  with  the 
preceding  MFD  bus  1 I&R  control  word. 

2.4.1. 7.5  Navaids-A  select  number  of  VORs,  VORTACs.  and  nondirectional  beacons, 
as  specified  in  the  bulk  data  memory,  shall  be  available  for  display  purposes.  These  navaids 
are  categorized  as  follows: 

Category  1 High-altitude  VORs  and  VORTACs 

Category  2 Low-altitude  VORs  and  VORTACs 

Category  3 Nondirectional  beacons  (NDBs) 

Display  of  radio  facilities  shall  be  controlled  by  these  categories  as  specified  in  table  2-9. 

All  navaids,  except  the  two  “tuned-in”  navaids  and  the  navaids  entered  as  waypoints  in 
the  flight  plan,  shall  be  selectable  ON  or  OFF  as  a group  of  data  through  the  MFD  mode 
control  unit  as  specified  in  table  2-4.  When  selected  OFF,  the  NCU  will  delete  navaid  data 
from  the  MFD  bus  1 data  transmission. 


Standard  VOR,  VORTAC,  and  NDB  symbols,  as  given  in  table  2-6,  shall  be  used  to 
indicate  the  location  of  each  navaid.  The  VOR  symbol  code  is  0010010,  the  VORTAC 
symbol  is  001001 1 , and  the  NDB  is  001 1 101 . 

The  NCU  will  generate  symbol  word  groups  defining  the  symbol,  position,  and 
designator  for  each  navaid.  The  navaids  currently  tuned  in  on  the  radio  navigation  receivers 
will  have  the  symbol  inteasity  Ig  and  designator  intensity  ly  set  to  1 1.  All  other  intensities 
will  be  set  to  10.  VORTAC,  VOR.  and  NDB  symbol  words  will  have  OFS  = 00,  R = 0,  SS  = 
11,  L = 0,  andST  = 0. 

The  DS  will  generate  the  navaid  symbols  as  defined  in  table  2-6  and  will  maintain  the 
symbol  and  designator  upright  as  the  map  rotates  in  accordance  with  the  preceding  MFD 
bus  1 l&R  control  word 

2.4.1.  7.6  Holding  Paltern-lloMing  patterns  are  selected  through  the  NCDU  as  defined 
in  section  6.0.  A standard  light-  or  left-hand  holding  pattern  can  be  selected,  and  the 
inbound  course  to  the  holding  point  can  be  specified. 

When  a holding  pattern  is  selected  at  an  upcoming  flight  plan  waypoint  and  no 
inbound  course  is  specified,  the  holding  pattern  will  be  positioned  on  the  outbound  flight 
plan  track  path  extension  from  that  waypoint,  as  shown  below  for  a right-hand  holding 
pattern.  The  tag  HOLD  is  added  to  the  waypoint  designator.  The  holding  pattern  lines  are 
oriented  in  the  direction  of  the  outbound  desired  track.  If  the  inbound  course  is  specified 
through  the  NCDU,  the  holding  patten:  is  oriented  accordingly. 


ABC 

HOLD 


When  a holding  pattern  is  initiated  at  present  position,  a waypoint  star  symbol  will  be 
positioned  on  the  display  at  that  noint  with  a label  HOLD  and  the  two  parallel  lines  defining 
the  holding  pattern.  The  holding  pattern  lines  are  oriented  in  the  direction  of  the  specified 
inbound  course  on  the  NCDU.  or  the  TK  HLD  value  selected  on  the  NCDU,  or  the  curient 
nominal  track  angle  of  the  flight  plan,  in  this  order  of  priority. 

The  NCDU  routine  will  set  the  following  functions  to  identify  a holding  pattern: 

HLDSEL  Flag  with  positive  for  right,  negative  for  left 
HLDWPT  Pointer  to  waypoint  address 

HLDBRG  Inbound  bearing 


The  holding  pattern  parameters  L|j,  Djj  are  tabulated  in  table  2-10  as  a function  of 
altitude.  is  the  holding  true  airspeed  equivalent  to  the  holding  IAS  specified  in 
reference  2. 

The  NCU  will  generate  two  vector  word  groups  to  define  the  two  lines  of  the  holding 
pattern  symbology  using  the  parameters  tubulated  above  and  scaled  according  to  map  scale, 
oriented  according  to  the  desired  track.  These  vector  word  groups  will  use  vector  code 
1100000  andlv  = 01. 

When  holding  at  a flight  plan  waypoint,  the  tag  HOLD  will  be  added  to  the  symbol 
word  group  for  that  waypoint  (see  sec.  2.4. 1.7.1 ) in  the  form  of  type  4 words  containing 
line  feed  (LF)  and  carriage  return  (CR)  codes,  and  H,  O,  L,  D character  codes.  For 
example,  for 


ABC 

HOLD 

the  type  4 words  required  are: 

Word  1 

A 

B 

C 

Word  2 

CR 

LF 

H 

Words 

0 

L 

D 

When  holding  at  present  position,  the  NCU 

will 

generate  a symbol  word  group  to 

define  the  star  symbol  and  the  HOLD  tag  positioned  at  the  present  position  when  the 
holding  pattern  was  initiated  through  the  NCDU.  The  symbol  code  will  be  0011 100,  with 
OFS  = 00,  R = 0,  SS=  11,  lg=  10,  L = 0,  lj=  10,  and  ST  = 0. 

The  DS  will  generate  the  symbology  as  defined  in  table  2-6  and  will  maintain  the 
symbol  and  tag  upright  as  the  map  rotates  in  accordance  with  the  preceding  MFD  bus  1 l&R 
control  word. 

2.4. 1.7. 7 Latitude-Longitude  Gr/y-Five-degree  latitude  and  longitude  lines  with 
associated  labels  shall  be  displayed  for  overwater  navigation  as  shown  in  figure  2-9.  These 
latitude-longitude  lines  shall  cover  the  region  between  the  Pacific  Coastal  ADIZ  and  135“W. 
Labels  shall  appear  near  the  center  of  each  5®  segment  of  latitude  or  longitude  line,  as  shown 
in  figure  2-9.  These  labels  shall  not  be  restricted  from  overwriting  other  symbology  but  shall 
be  restricted  to  an  upright  orientation  as  the  map  rotates. 

The  NCU  will  generate  vector  word  groups  to  define  the  grid  using  vector  code 
1100000  and  intensity  ly  = 01.  The  NCU  will  generate  text  word  groups  to  define  and 
position  the  latitude  and  longitude  designators.  These  text  words  will  have  Ij=  10  and 
ST  ■=  0. 


The  DS  will  generate  the  symbology  as  defined  in  table  2-6  and  will  maintain  the 
designator  upright  as  the  map  rotates. 


2.4. 1.7.8  Mountains-Jhe  mountain  symbol  defined  in  table  2-6  will  be  used  to 
represent  prominent  terrain  features  defined  in  the  bulk  data  storage.  The  altitude 
associated  with  the  terrain  feature  will  be  as  shown  in  table  2-6.  Tliese  mountains  will  be 
selectable  ON  or  OFF  by  the  MFD  mode  control  unit.  When  selected  OFF,  the  NCU  will 
delete  these  data  from  the  MFD  bus  1 transmission. 

The  NCU  will  generate  a symbol  word  group  representing  the  mountain  symbol  code 
001 1000,  its  position,  and  a numeric  tag  designating  altitude  in  thousands  of  feet.  OFS  will 
be  set  to  10,  R to  0.  SS  to  1 1, 15  to  10,  L to  0,  Ij  to  10,  and  ST  to  0. 

The  DS  will  generate  the  symbology  as  defined  in  table  2-6  and  will  generate  the  000 
symbol  positioned  after  the  NCU-transmitted  altitude  tag  as  shown  for  the  mountain 
symbol  code  0011000.  The  symbol  and  tag  will  be  kept  upright  as  the  map  rotates  in 
accordance  with  the  preceding  l&R  control  word  in  the  MFD  bus  1 data  transmission. 

2.4.1.  7.9  Obstructioiis-OhstTuctions,  hazards,  etc.,  in  the  takeoff  and  approach  paths 
to  the  category  1 airfields  will  be  stored  in  the  bulk  data  memory.  These  points  will  be 
displayed  on  the  8.  4.  2,  and  1 nmi/in.  scales  and  will  be  selectable  ON  and  OFF  by  the 
MFD  mode  control  unit  TERRAIN  symbology  select  button  (see  table  2-5).  The  symbol  is 
defined  in  table  2-6. 

The  NCU  wi’l  generate  a symbol  word  group  defining  the  symbol  code  0011011,  its 
position,  and  a numeric  designator  showing  the  obstruction  altitude  in  feet.  Symbol  Ig  and 
designator  I-j-  intensities  will  be  set  to  10,  OFS  to  1 1,  R to  0,  SS  to  1 1,  L to  0,  and  ST  to  0. 
When  selected  OFF,  the  NCU  will  delete  these  data  from  the  MFD  bus  1 transmission. 

The  DS  will  generate  the  symbology  as  defined  in  table  2-6  and,  in  accordance  with  the 
preceding  MFD  bus  1 I&R  control  word,  will  maintain  the  symbol  and  designator  upright  as 
the  map  rotates. 

2.4.1.  7.10  ADIZ  and  FIR  Boimdaries-The  ADIZ  and  FIR  boundaries,  as  specified  in 
the  bulk  data  memory,  shall  be  displayed.  A.  double  line  (table  2-6)  shall  be  used  to  indicate 
an  ADIZ  boundary.  The  vector  code  is  1101000,  as  shown  in  table  2-7.  A single  line 
composed  of  short  dashes  (table  2-6)  shall  be  used  to  indicate  a FIR  boundary.  The  vector 
code  is  1 100010,  as  shown  in  table  2-7. 

The  NCU  will  compute  the  screen  coordinates  of  the  ADIZ  and  FIR  line  end  points 
from  the  geographic  coordinates  stored  in  the  bulk  data  memory.  These  coordinates, 
together  with  the  vector  code  specified  in  table  2-7,  will  be  transmitted  to  the  PCU  over 
MFD  bus  1 as  a vector  word  group  (fig.  2-3).  An  alpha  label  FIR,  ADIZ,  or  CADIZ  will  be 
transmitted  to  the  PCU  as  a text  word  group.  The  position  of  this  text  will  be  prestored  in 
the  bulk  data  memory  as  a geographic  position  and  will  be  processed  in  the  NCU  identically 
to  any  other  geograpliic  reference  point. 

The  NCU  will  set  the  line  intensity  ly  to  01  in  the  vector  word  group  and  Ij  to  10. 
OFS  to  1 1 , and  ST  to  0 in  the  text  word  group. 


C 


The  DS  will  generate  the  vector  symbology  as  defined  in  table  2-6  and  in  accordance 
with  the  preceding  l&R  control  word  in  the  MFD  bus  1 data  transmission.  The  ADIZ  and 
FIR  labels  shall  not  be  restricted  from  overwriting  other  symbology,  but  the  PCU  will 
maintain  them  in  an  upright  orientation  as  the  map  rotates. 

2.4.1.  7.11  Speed  Change  Point  When  a four-dimensional  flight  plan  has  been  entered 
into  the  system  through  the  NCDU  as  defined  in  section  6.0,  a planned  groundspeed  (PGS) 
is  assigned  to  each  waypoint.  This  PGS  can  be  displayed  on  the  MFD  at  each  waypoint  by 
adding  the  nominal  groundspeed  under  the  waypoint  designator.  For  example: 


The  digital  readout  of  nominal  groundspeed  is  selected  ON  and  OFF  by  the  MFD  mode 
control  unit  T-NAV  symbol  select  button. 

Whenever  a four-dimensional  flight  plan  has  been  entered  into  the  NCDU  and  the 
symbology  has  been  selected  ON  by  the  MFD  mode  control  T-NAV  button,  the  NCU  will 
generate  the  symbol  word  type  4 formats  to  add  the  speed  readout  to  the  waypoint  symbol 
group  defined  in  section  2.4. 1 .7. 1 . 1 . For  example : 

A B C D E 
3 5 0 

requires  the  following  sequence  of  symbol  type  4 words: 

Word  1 ABC 

Word  2 D E CR 

Words  LF  3 5 

Word  4 0 b b 


where  b = blank. 

2.4.1.7.12  Turn  Points  and  Missed  Approach  Points -l\\e  tick  mark  symbol  will  be 
positioned  on  the  flight  plan  route  line  at  the  turn  points  as  shown  in  the  figure  below.  The 
symbol  is  defined  in  table  2-6  and  has  the  code  0001000  (table  2-7).  The  positions  of  the 
turn  points  are  related  to  the  tangent  points  of  the  circular  arc  transition  between  great 
circle  legs.  The  distance  from  the  waypoint  to  the  tangent  point  (DTT)  is  computed  by  the 
guidance  software  and  stored  in  the  guidance  buffer  (see  table  5-1 ). 


NOMBA  is  magnitude 
of  the  bank  angle 
limit 


Tlie  NCU  will  compute  the  position  of  the  symbol  on  the  flight  plan  line  preceding  a 
circular  transition  according  to  the  algorithm; 


DTTl  = WPDTT  + NOMBA 


VGS 

4 


where : 

NOMBA  = magnitude  of  the  bank  angle  limit 

VGS  = velocity  groundspeed 

The  turn  point  at  the  end  of  the  circular  transition  will  be  positioned  at  the  tangent 
point.  The  NCU  will  generate  the  symbol  word  group  defining  the  symbol,  position  in  E and 
N coordinates,  symbol  angle  with  respect  to  true  north,  and  with  R = 1,  SS  = 1 1,  Ig  = 10, 
and  L = 0. 

The  DS  will  generate  the  symbol  as  defined  in  table  2-6  and  will  maintain  the  correct 
orientation  as  the  map  rotates  in  accordance  with  the  preceding  I&R  control  word. 

This  symbol  is  also  used  for  missed  approach  points  and  is  located  by  the  guidance 
software  from  data  stored  in  the  flight  plan  buffer. 

2.4.1.7.13  Waypoint  Altitiide-lhc  nominal  altitude  for  each  waypoint  on  the  flight 
plan  can  be  entered  through  the  NCDU  as  defined  in  section  6.0.  The  altitude  or  flight  level 
is  available  for  display  on  the  MFD  map  display  when  selected  ON  through  the  MFD  mode 
control  unit  WPT  ALT  option  button. 

When  selected  ON.  the  NCU  will  extract  the  altitude  defined  for  each  waypoint  in  the 
flight  plan  buffer  (tabic  5-1)  and  add  type  4 words  to  the  symbol  word  group  defined  in 
section  2.4. 1 .7. 1 . 1 . For  example: 


A B C D E 
15  0 0 0 


30 


The  type  4 words  required  contain: 


Word  1 A B C 

Word  2 D E CR 

Word  3 LF  1 5 

Word  4 0 0 0 

Note  that  if  T-NAV  has  been  selected  on  the  MFD  mode  control  unit  (sec.  2.4. 1.7.1 1), 
the  d‘'signation  for  each  waypoint  will  be: 

A B C D E 
3 5 0 
15  0 0 0 

The  final  type  4 word  in  each  symbol  group  will  always  have  WF  = 1 . 

The  DS  will  generate  the  symbology  as  defined  in  table  2-6  and  in  accordance  with  the 
preceding  I&R  control  word  in  the  .MFD  bus  1 data  transmission.  The  designator  will  remain 
upright  as  the  map  rotates. 

2.4.1.  7.14  Radial  Symbul-lht  radial  symbol  is  a line  of  dots  as  defined  in  table  2-6. 
The  symbol  is  referenced  to  a navaid  or  GRP  through  the  NCDU  SEE  1 mode  specified  in 
section  6.5.5, 1.  The  NCDU  will  label  the  reference  point  as  RADWPT  and  the  bearing  of  the 
radial  line  in  degrees  magnetic  as  RADBRG, 

The  NCU  will  generate  a symbol  word  group  once  per  second  ano  transmit  the  data 
over  MFD  bus  ! . The  data  will  be  generated  whenever  the  RADIAL  mode  has  been  selected 
on  the  NCDU  SEL  1 mode  and  RADWPT  and  RADBRG  have  been  entered.  The  symbol 
word  group  will  include  a word  type  1 with  the  symbol  code  000101 1,  and  R = I,  SS  = 11, 
Ig  = 10,  L = 0.  The  symbol  has  no  offset  or  tag  associated  with  it.  Word  type  2 will  have  the 
screen  coordinates  of  the  RADWPT,  and  word  type  3 will  be  RADBRG  + MAGYAR 
(MAGYAR  positive  = east  magnetic  variation). 

In  addition,  if  RADWPT  is  a P'^vaid  and  the  NAYAIDS  option  select  on  the  MFD  mode 
control  unit  is  OFF,  the  NCU  will  transmit  a symbol  word  group  over  MFD  bus  1 to  define 
the  RADWPT  symbol  and  designator.  A similar  procedure  ensues  if  RADWPT  is  a GRP 
airfield  or  waypoint. 

In  all  cases,  additional  type  4 words  will  be  added  to  the  RADWPT  symbol  word  group 
to  allow  the  seven-bit  codes  for  RADBRG  to  be  displayed  underneath  the  waypoint 
designator,  i.e.,  S,E,A,CR,LF,0,3,5,®,M.,  to  provide  the  display  format: 

SEA 
0 3 5 “ M . 


The  DS  will  generate  the  symbology  using  its  normal  MFD  bus  1 table  mode. 


2.4.1.7.15  Look-Up  Data-\n  the  track-up  map  mode,  the  data  selected  through  the 
NCDU  look-up  mode  will  be  displayed  on  the  map  even  if  the  appropriate  symbology 
option  button  on  the  MFD  mode  control  unit  is  selected  OFF.  The  display  data  are  defined 
by  the  look-up  data  buffer  defined  in  table  6-5,  which  contains  two  labels:  LOKWPT  and 
LOKBUF.  LOKWPT  comprises  two  cells;  cell  1 contains  a pointer  to  an  address  in  bulk  data 
memory.  Zero  in  this  cell  indicates  that  WPT  look-up  data  have  not  been  selected.  Cell  2 
contains  a code  to  define  the  symbol.  LOKBUF  is  30  cells  long  and  will  contain  pointers  to 
bulk  data  addresses  for  look  up  of  RTF,  ,\WY,  etc.  Zero  in  cell  1 indicates  that  no  RTF, 
AWY  data  have  been  selected. 

The  NCU  will  generate  a symbol  word  group  for  each  pointer  defined  in  LOKWPT  and 
LOKBUF.  Fach  group  will  contain  the  symbol  code  and  the  alphanumeric  designator.  The 
symbol  code  for  LOKWPT  will  correspond  to  the  code  defined  in  cell  2 of  LOKWPT  as 
fo'lows: 


0 

1 

2 

3 

4 


Waypoint 

Navaid 

GRP 

Airport 

Runway 


0011100 
(see  table  3-8) 
0001001 
0001110 
(see  below) 


For  a navaid,  the  type  of  symbol  is  defined  by  bits  1 to  4 of  the  second  word  in  the 
navaid  buffer  (table  3-8).  The  symbol  code  for  LOKBUF  pointers  will  always  be  the 
waypoint  star  code  001 1100,  except  for  runway.  Fach  waypoint  symbol  word  group  will 
have  OFS  = 00,  R = 0,  SS  = 1 1,  L = 0,  and  ST  = 0. 

The  NCU  will  also  generate  a vector  word  group  to  link  every  waypoint  defined  in 
LOKBUF.  The  vector  code  will  be  1 100010,  and  ly  = 01 . 

When  an  airport  and  runway  have  been  selected  through  the  NCDU  look-up  mode, 
LOKWPT  will  point  to  the  address  of  the  airport  in  bulk  data  storage,  and  the  first  location 
in  LOKBUF  will  point  to  the  bulk  data  address  of  the  runway  data.  This  pointer  will  be  set 
only  if  the  look-up  airport  is  a category  1 airport  for  which  runway  data  are  available  in 
bulk  storage.  T1  s data  format  for  category  1 airports  is  shown  in  table  3-6.  When  LOKWPT 
is  an  airport  and  a runway  pointer  is  set  in  LOKBUF,  the  runway,  an  extended  centerline, 
and  outer  marker  symbology  will  be  computed  by  the  NCU  as  defined  in  section  2.4. 1.7. 3. 

The  DS  will  generate  the  symbol  and  vector  symbology  in  its  normal  table  mode. 

2.4. 1.8  Time  Navigation 

The  desired  location  of  the  airplane  along  tl.'.  route  shall  be  indicated  by  a rectangular 
box  and  three  small  circles. 


Scheduled  aircraft  position  as  determined  by  the  guidance  algorithm  shall  be  indicated 
by  the  leading  edge  of  the  box.  The  box  shall  be  oriented  such  that  the  long  axis  of  the 
rectangle  is  always  parallel  to  the  route  line. 


The  three  small  circles  shall  be  located  on  the  route  line  so  as  to  indicate  planned 
aircraft  position  30,  60.  and  90  sec  ahead  of  the  nominal.  The  small  circles  shall  be  intensity 
coded  such  that  the  90-sec  prediction  circle  is  brighter  (11)  than  the  other  two  circles  (10). 


Zone  Logic 

To  position  the  time  box  and  each  of  the  30-,  60-,  and  90-sec  prediction  dots  on  the  display, 

it  must  be  determined  in  which  of  the  three  zones,  shown  above,  each  of  the  points  lies. 

Zone  1 Calculate  position  along  the  inboard  straight  route  line  with  respect  to  the 

inboard  tangent  point  (TPj ) at  waypoint  B. 

Zone  2 Calculate  position  along  the  curved  transition  path  with  respect  to  the 

outboard  tangent  point  (TP9)  at  waypoint  B. 

Zone  3 Calculate  position  along  the  outboard  straight  route  line  with  respect  to  the 

outboard  tangent  point  (TP2)  at  waypoint  B,  using  dummy  variables  Pj 
and  Qj. 


SCg  - WPDTT 

Pi 

time  box 

SCg  - WPDTT  - SDCC  x 30  = 

P2 

30-sec  dot 

SCg  - WPDTT -SDCCx  60  = 

P3 

60-sec  dot 

SCg  - WPDTT  - SDCC  x 90  = 

P4 

90-sec  dot 

If  Pj  > 0,  point  is  in  zone  1. 


When  Pj  >0,  box  is  on  straight  line.  If  Pj  < 0,  Pj  is  potentially  in  zone  2 (i  = 2,  3,  4). 


Calculate: 

Pj  + WPA02  X 2 = Oj 

If 

Qj  > 0,  Qj  is  in  zone  2 ; 

Qj  < 0.  Qj  is  in  zone  3. 

When  Pj  < 0,  box  position  on  the  curve 
algorithm,  where  DMG  is  the  angular  distance 
segment. 

(DMG)  is  computed  by  the  guidance 
made  good  traversing  the  curved-path 

Calculate: 

2 X WPA02  - DMG 

Ri 

2 X WPA02  - DMG  - SDCC  x 30 

= 

R2 

2 X WPA02  - DMG  - SDCC  x 60 

R3 

2 X WPA02  - DMG  - SDCC  x 90 

R4  - 

If 

Rj  >0,  point  is  in  zone  2; 

Rj  < 0,  point  is  in  zone  3. 

When  DMG  - WPA02  = 0,  the  guidance  algorithm  recomputes  SC  with  respect  to  the  next 
waypoint  (C).  Zone  3 then  becomes  zone  1 for  waypoint  C. 

Symbol  Position 

Zone  1 


34 


Zone  2 


N 


Zone  3 

Position  of  each  point  is  computed  from; 
E-,N^  ofTP^ 


ITAN  (C) 
R; 


from  section  2.4. 1.7. 1.2 


From  the  quantities  defined  above,  the  position  of  each  point  in  true  north  and  east 
coordinates,  and  the  box  symbol  angle  with  respect  to  true  north,  will  be  calculated. 

The  NCU  will  compute  these  data  whenever  a 4D  flight  plan  has  been  entered  through 
the  NCDU.  The  data  will  not  V^e  transmitted  when  the  T-NAV  symbol  option  button  on  the 
MFD  mode  control  unit  is  selected  OFF. 


I 


The  DS  will  draw  the  symbology  on  the  screen  as  defined  in  table  2-6  in  accordance 
with  the  control  vvoid  instructions.  The  position  coordinates  will  not  be  incremented  but 
will  be  rotated  by  the  angle  defined  in  the  MFD  bus  2 transmission  word  labeled  01000001. 
The  symbols  will  be  rotated  through  the  sum  of  the  angles  defined  in  the  symbol  word 
type  3 and  the  word  labeled  01000010  in  the  MFD  bus  2 data  transmission. 

The  NCU  will  compute  four  symbol  word  groups  to  define  the  symbology.  The  first 
group  includes  symbol  code  0001 101,  position  in  E and  N coordinates,  and  symbol  angle 
with  respect  to  true  north  to  define  the  box  symbol.  R will  be  set  to  1 , SS  to  1 1 , 15  to  10, 
and  L to  0.  The  other  three  symbol  groups  include  the  symbol  code  0001  111,  position  in  E 
and  N coordinates  to  define  the  30-,  60-,  and  90-sec  prediction  circles  with  intensity  Ig  as 
defined  above,  and  R = 0,  SS  = 00,  and  L=  0.  These  calculations  must  be  performed  20 
times/sec,  and  the  data  will  be  transmitted  at  that  rate  over  MFD  bus  2.  These  data  will  be 
preceded  in  the  MFD  bus  2 transmission  order  by  I(&.R  control  words  defining  no 
incrementation  but  coordinate  rotation  of  the  following  data  points.  (See  table  2-2.)  The 
control  word  has  TC  = 1 , OC  = 1 , RC  = 1 , RS  = 1 , 1C  = 00.  and  WF  = 1 for  the  box  symbol, 
and  TC  = 1 . OC  = 1 , RC  = 1 , RS  = 0, 1C  = 00  and  WF  = 1 for  the  circle  symbols. 

When  the  position  of  each  bubble  reaches  the  end  of  the  path,  the  data  for  that  bubble 
will  be  deleted  from  the  data  transmission. 


2.4. 1 .9  Altitude/Range 

When  a 3D  or  4D  flight  plan  has  been  entered  through  the  NCDU  and  accepted 
(EXEC),  a vertical  profile  is  defined  in  the  guidance  data  buffer  (fig.  5-1).  Vertical 
navigation  (VNAV)  symbology  on  the  EADl  and  readouts  from  the  NCDU  display  pages 
define  the  vertical  path,  as  well  as  progress  and  deviation  from  it.  The  MFD  altitude/range 
symbology  is  intended  to  provide  predictive  information,  relative  to  the  aircraft  vertical 
profile,  via  the  MFD  display  for  operational  situations  where  only  a 2D  path  is  stored  or 
when  no  path  is  stored.  The  altitude/range  symbology  is  operative  when:  (1)  ALT/REF  has 
been  entered  via  the  NCDU  SEE  3 page,  (2)  the  MFD  map  is  in  track-up  mode,  and  (3)  the 
ALT/RANGE  key  is  engaged  on  the  MFD  mode  control  unit. 

The  altitude/range  symbology  shown  on  the  following  page  will  consist  of  a vector  arc 
segment  transverse  to  the  straiglit-trend  vector  at  a distance  (RALTY ) from  the  airplane  sym- 
bol that  represents  the  spot  where  the  airplane  will  reach  the  reference  altitude  (ALTREF) 
if  the  current  flightpath  angle  (FPA)  is  maintained. 

The  symbol  is  stroke  written  by  the  DS  and  is  an  arc  segment  of  a circle  with  an  8-in. 
radius  extending  on  each  side  of  the  straight-trend  vector.  The  position  of  the  symbol  shall 
be  computed  20  times/sec  by  the  NCU  and  transmitted  to  the  PCU  via  MFD  bus  2 in  the 
form  of  two  conic  vector  word  groups. 


r 


Altitude  range 
symbol 


Straight- 

trend 

vector 


The  NCU  will  compute  the  position  of  the  altitude/range  symbology  as  defined  below: 
ALTC  = instantaneous  computed  altitude  of  the  aircraft  (ft  above  MSL) 
ALTREF  = reference  altitude  entered  via  NCDU  SEL  3 page  (ft  above  MSL) 

VGS  = instantaneous  groundspeed  of  aircraft  (ft/sec) 

HDOT  = vertical  speed  of  aircraft  (ft/sec) 

PALT  = range  to  reach  ALTREF 

DELH  = ALTC  - ALTREF 

where:  RALT  = -(^  ■ VGS  ■ 
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RALT  will  be  converted  to  screen  coordinates  (RALTY)  at  90  bits/in.  according  to  the 
current  map  scale  selected  and  limited  so  that 

-220  < RALTY  < 375 

When  RALTY  exceeds  these  limits,  the  vector  code  will  be  changed  from  solid  to  dotted. 

The  NCU  will  assemble  two  vector  word  groups  as  follows  whenever  bit  23  is  1 in  the 
MFD  1 mode  word  (fig.  2-5)  and  an  ALTREF  # 0 has  been  entered  on  the  NCDU  SEL  3 
mode  (sec.  6.5. 5. 3).  Both  groups  are  identical  except  for  the  word  type  2 configuration. 


Group  1 

1 100000  unlimited 

Word  type  1 Vector  code  or  andly^lO 

1100011  limited 

Word  type  2 Y = RALTY,  X = 0,  C = 1,  D = 0 

Word  type  3 Arc  length  = 90  bits;  rotation  angle  = +90“ 

Word  type  4 Radius  = 360  bits 


Group  2 

Same  as  group  1,  except: 

Word  type  2 Y = RALTY,  X = 0,  C = 1,  D = 1 


These  vector  word  groups  will  be  preceded  by  an  l&R  control  word  with  1C  = 00,  RC  ■ 
0,  and  RS  = 0,  and  will  be  transmitted  20  times/sec  over  MFD  bus  2. 


The  DS  will  generate  the  vector  symbology  in  its  normal  bus  2 table  mode. 


2 4.1.10  Mode  and  Scaling  Annunciation 

The  current  map  scale  selected  and  the  current  guidance  and/or  hold  mode  activated 
will  be  displayed  in  the  lower  left-hand  coiner  of  the  .MFD  map  display.  The  display  format 
will  be.  for  e.sample 

Line  1 04NM/IN 

Line  2 GUID2D  or  LINKUP 

Line  3 HOLD/ALT/GS.  etc. 

The  NCU  will  generate  a text  symbol  word  group  to  define  this  annunciation  and  will 
transmit  it  once  par  second  over  MFD  bus  1.  The  text  woid  group  will  be  preceded  by  an 
I&R  control  word  with  TC  = 1 , OC  = 1.  RC  = 0.  RS  = 0,  and  1C  = 00.  The  text  word  type  1 
will  have  lj=  01,  R=  0.  and  seven-bit  code  0000001.  Word  type  2 will  have  C = 0 and 
coordinates  X = -230.  Y = -200.  Word  type  4 will  have  ST  = 0 and  the  alphanumeric  codes 
defined  below; 


Line  I : XXNM/INCRLF 


Line  2:  XXXXXXCRLF 


where  XX  is  01. 02.  04.  08.  16. 
or  32  corresponding  to  the  map 
scale  selected  on  the  MFD  NCU 

where  XXXXXX  corresponds  to 
th<’  current  flag  set  by  the 
guidance  routine  to  indicate 
mode.  This  can  be  GUID4D, 
GUTD3D.  GU1D2D.  or  LINKUP. 


Line  3:  Will  be  used  only  when  a select  (SEL)  mode  or  modes 

have  been  activated  on  the  NCDU  SEL  1 mode  or  external 
autopilot  mode  panel.  The  MFD  will  display  the  following 
annunciations  corresponding  to  the  mode  Hags  set  by 
the  NCDU; 


HLDSEL 

OFSSEL 


TKSEL 

ALTSEL 


FPASEL 

lASSEL 


The  line  3 character  format  will  be; 

SEL/XXX/XXX.  etc. 

where  XXX  is  HLD.  WPT,  OFS,  ALT,  IAS.  or  FPA. 

The  DS  will  generate  the  symbology  using  its  normal  text  mode  in  accordance  with  the 
I&R  control  word  instructions  so  that  the  coordinates  are  not  rotated  or  incremented. 
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2.4.2  North-Up  .Map  .Mode 


K 


A detailed  description  of  the  function,,  priority,  and  mechanization  of  each  MFD 
symbol  is  presented  below  for  the  north-up  map  mode. 

2.4.2. 1 General 

The  north-up  map  mode  shall  display  a fixed,,  true  north-up  oriented  map  on  which  the 
aircraft  symbol  moves.  The  displayed  area  shall  be'  centered  around  the  geographic  point 
selected  on  the  NCDU  as  specified  in  section  6.0.  The  format  shall  consist  of  an  airplane 
symbol,  a curved-trend  vector,  a straight-trend  vector,,  a digital  and  analog  indication  of 
present  track,  a track  error  indicator,,  major  airfields,  navaids,  mountains,  obstructions,. 
ADIZ  and  FIR  boundaries,  GRPs.  and  a route  line.  A representative  north-up  map  display 
format  is  shown  in  figure  2-12. 

The  NCU/DS  shall  be  capable  of  providing  six  map  scales:  1 , 2.  4,  8,  16,  and  32  nmi/in. 
These  scales  shall  be  selectable  from  the  MFD  control  panel. 

The  NCU  will  extract  the  data  required  for  each  selected  map  scale  from  the  bulk  data 
memory,  which  is  defined  in  section  3.0.  From  these  bulk  data  and  the  map  center  selected 
through  the  NCDU,  the  NCU  will  edit  and  categorize  the  map  background  data  for 
transmission  to  the  PCU  via  MFD  bus  1.  Only  the  particular  categories  of  data  applicable  to 
the  map  scale  selected,,  and  the  symbology  options  selected  on  the  MFD  mode  control  unit 
or  the  NCDU,  will  be  transmitted.  The  relationship  between  each  symbol  and  the  map  scale, 
.MFD  mode  control  unit  symbol  option  switches,  and  NCDU  symbology  selection  is  defined 
below  for  each  symbol.  The  NCDU  relationship  to  the  north-up  map  center  is  outlined  in 
section  2.6. 

The  NCU  will  generate  the  background  MFD  bus  1 data  in  east  and  north  position 
coordinates  scaled  according  to  the  map  scale  selected.  The  edit  area  is  governed  by  the 
screen  dimensions  about  the  offset  coordinate  reference  point,  as  shown  in  figure  2-13.  The 
NCU  will  compute  intersection  points  where  all  vector  lines  on  the  display  intersect  the  edit 
area  boundary.  The  background  data  need  only  be  generated  once  for  a particular  map 
center  selection,  and  modified  only  to  conform  to  map  scale  change  or  symbology  option 
change  initiated  through  the  MFD  mode  control  unit  and  NCDU.  The  NCU  will  transmit 
these  background  data  as  required  over  MFD  bus  1 . The  NCU  will  compute  the  dynamic 
data  required  by  this  display,  which  include  the  airplane  position,  curved-trend  vectors, 
track,  track  eiror,  and  time  box  symbology,  and  will  transmit  the  data  defining  this 

symbology  to  the  PCU  20  times/sec  over  MFD  bus  2.  The  data  rates  required  for 

computation  and  transmission  of  data  from  the  NCU  to  PCU  are  summarized  in  table  2-1 1. 

The  NCU  will  transmit  the  appropriate  control  words  with  the  MFD  bus  1 and  bus  2 
data  to  instruct  the  PCU  that  no  incrementation  or  coordinate  rotation  is  required  in  the 
north-up  map  mode.  The  table  data  on  MFD  bus  1 and  bus  2 will  be  preceded  by  a l&R 

control  word  with  TC  = 1 . OC  = 1 . RC  = 0.  RS  = 0,  IC  = 00  and  WF  = 0. 
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The  PCU  will  tiansmit  the  MFD  mode  control  word  whenever  status  chanjres  and  will 
generate  the  display  in  accordance  with  the  data  and  control  instructions  received  from  the 
NCU  over  the  two  data  buses.  The  data  received  fall  into  three  general  categories; 

1 ) Symbol,  vector,  and  lontrol  woid  groups  on  MFD  bus  1 (see  figs.  2-1,  -2,.  and  -3) 

2)  Symbol,  vector,  and  control  vvord  groups  on  MFD  bus  2 

3)  Special-function  data  identified  by  label  code  on  MFD  bus  2 (see  fig.  2-4) 

The  DS  generates  the  symbology  for  category  ! and  2 directly  in  accordance  with  the 
instructions  contained  in  the  word  formats.  The  PCU  proces.ses  category  3 data,  which  are 
generally  in  the  form  of  parameter  value  data,  and  develops  the  appropriate  symbology  in 
accordance  with  the  PCU  stored  program. 

2. 4.2. 2 .Airplane  Position 

The  airplane  is  represented  by  an  elongated  triangle  symbol,  as  defined  in  table  2-6. 
This  symbol  moves  over  the  background  map.  and  the  orientation  of  the  triangle  represents 
the  instantaneous  track  angle  at  all  times.  Movement  of  the  aii plane  symbol  will  be  limited 
to  within  0.4  in  of  the  edge  display.  The  fact  that  the  airplane  symbol  has  reached  the 
limits  will  be  distinguished  by  the  absence  of  trend  vectors,  as  defined  below. 

The  NCU  will  compute  the  airplane'  position  east  and  north  from  the  map  center 
reference  point  20  times/sec  and  scale  according  to  the  map  scale  selected.  No  limiting  is 
required  in  the  NCU-computed  values.  The  airplane  position  data  will  be  transmitted  to  the 
PCU  as  a position  word  label  GlOOOl  10  over  MFD  bus  2,  as  defined  in  table  2-3. 

The  DS  will  generate  the  airplane  symbology  through  its  special-function  mode  with  no 
incrementation  or  coordinate  rotation,  but  with  the  .symbol  rotated  through  the  angle 
defined  in  the  MFD  bus  2 word  label  01000010  (TK).  The  DS  will  maintain  the  symbol 
orientation  when  the  symbol  is  limited. 

2.4. 2.3  Cim'cd-Trend  Vector 

The  ciin'ed-trend  vector  will  be  generated  in  a manner  similar  to  that  defined  in  section 
2.4. 1.3.  The  three-segment  trend  vector  will  emanate  from  the  airplane  symbol  as  shown  in 
figure  2-12  When  the  airplane  symbol  is  limited,  the  curved-trend  vector  will  disappear  and 
will  not  reappear  until  the  airplane  moves  to  within  the  display  area  limits. 

The  NCU  will  generate  the  curved-trend  vector  data  20  times/sec  as  follows; 

• Compute  the  trend  vector  points  in  along-  and  across-track  components  using  the 
algorithm  defined  in  section  2.4. 1.2. 

• Transform  through-track  angle  into  north  and  east  coordinates. 


Add  to  airplane  symbol  north  and  east  coordinates. 


These  vector  positions  will  be  transmitted  20  times/sec  as  three  vector  word  groups 
over  MFD  bus  2,  using  vector  code  1100000  and  intensity  ly  = 11.  When  the  airplane 
position  coordinates  (sec.  2.4.2. 2)  exceed  any  of  the  limits  +228  < E < -228  or  +228  < N 
< -288,  the  three  trend  vector  words  groups  will  be  deleted  from  the  MFD  bus  2 data 
transmission. 

Note  that  the  vector  end  points  will  be  defined  up  to  ±5 1 1 north  and  east  coordinates, 
and  the  vector  line  symbology  may  leave  and  reenter  the  display  area.  When  any  vector 
coordinate  exceeds  ±511  in  east  or  north,  succeeding  points  on  the  trend  vector  need  not  be 
computed. 

The  DS  will  generate  the  symbology  using  its  normal  MFD  bus  2 table  mode  with  no 
incrementation  or  coordinate  rotation  in  accordance  with  the  control  word  preceding  the 
MFD  bus  2 table  data. 

2.4.2.4  Straight-Trend  Vector 

The  straight-trend  vector  shall  project  straight  ahead  from  a point  0.625  in.  ahead  of 
the  apex  of  the  airplane  symbol  to  the  opposite  edge  of  the  screen.  This  trend  vector  shall 
be  displayed  only  when  the  aircraft’s  position  is  not  limited. 

No  data  are  required  from  the  NCU. 

The  DS  will  generate  this  symbology  in  its  general-function  mode.  The  vector  line  will 
have  an  intensity  ly  of  01  and  will  be  referenced  to  the  airplane  position  coordinates 
received  from  the  NCU  as  defined  in  section  3.4. 2.2  a id  oriented  by  the  track  angle  defined 
in  section  2.4. 2. 5. 

2.4.2.5  Track  (TK)  Tape 

The  track  tape  symbology  shown  in  figure  2-12  will  be  generated  in  the  same  manner 
as  that  defined  in  section  2.4. 1.5.  Track  (TK)  sin  and  cos  for  coordinate  rotation, 
transmitted  over  MFD  bus  2 in  the  track-up  map  mode,  is  not  required  for  the  north-up  map 
mode.  Magnetic  track  angle  binary  and  magnetic  track  angle  (BCD)  are  required  for  track 
tape  generation. 

The  NCU  will  transmit  valid  magnetic  track  angle  BCD  data  and  binary  TK  over  MFD 
bus  2 at  a rate  of  20  times/sec,  as  shown  in  table  2-3.  Transmission  of  TK  sin  and  cos  in 
word  label  01000001  is  optional. 

The  DS  will  generate  the  track  tape  symbology  defined  in  table  2-6  using  its  MFD 
general-function  mode. 

2.4. 2.6  Track  Angle  Error 

The  track  error  bug  symbol  will  be  generated  in  a manner  identical  to  that  defined  in 
section  2. 4. 1.6. 2.  The  dotted  line  TK  HLD  symbology  will  not  be  used  for  the  norih-up 
map  mode. 


The  NCU  will  compute  the  function  (±TKE  x 90/16)®  or  (±TKESEL  x 90/16)®,  as 
defined  in  section  2.4. 1.6. 2,  and  wilt  transmit  it  in  word  number  label  01 0001 01  to  the  PCU 
over  MFD  bus  2 at  a rate  of  20  limes/sec.  as  shown  m table  2-3.  The  TKESEL  sin  and  cos 
word  label  01000100  will  be  set  to  invalid. 

The  DS  will  generate  the  track  error  bug  symbology  defined  in  table  2-6  in  its 
general-function  mode. 

2.4. 2. 7 Map  Background  Data 

Map  background  data  will  be  generated  as  defined  in  section  2.4. 1 .7,  except  that  data 
coordinates  are  referenced  to  the  center  reference  point  defined  by  the  NCDU  and  need  be 
computed  only  when  the  reference  point,  the  map  scale,  or  the  symbology  options  are 
changed.  The  location  of  the  map  center  reference  point  is  labeled  LATCEN,  LONCEN  by 
the  NCDU.  The  symbol  and  designator  associated  with  this  point  are  defined  by  two  cells 
labeled  CENWPT.  Cell  1 contains  the  address  in  bulk  data  memory,  and  cell  2 defines  the 
associated  symbol  (see  sec.  6.6).  Zero  in  cell  1 indicates  no  symbol  is  required  at  map 
center.  Cell  2 codes  and  associated  symbols  are; 


0 

Waypoint 

0011100 

1 

Navaid 

(see  table  3-8) 

2 

GRP 

0001001 

3 

Airport 

0001 1 10 

For  a navaid,  the  type  of  symbol  is  defined  by  bits  1 to  4 of  the  second  word  in  the 
navaid  buffer  (table  3-8).  The  NCU  will  generate  a symbol  word  group  for  CENWPT  with 
OFS  = 00,  R = 0,  SS  = 1 1 , L = 0,  and  ST  = 0. 

The  DS  will  generate  the  map  center  symbol  in  its  normal  table  mode. 

The  NCU  will  transmit  the  data  to  the  PCU  via  MFD  bus  1.  as  shown  in  table  2-1.  The 
l&R  control  word  in  the  second  word  with  TC  = 1 , OC  = 1 , RC  = 0,  RS  = 0,  IC  = 00,  and 
WF  = 1 instructs  the  PCU  to  generate  the  display  referenced  to  the  offset  center  defined  in 
figure  2-13,  with  no  incrementation  or  rotation  of  position  coordinates. 

The  DS  will  generate  tl;e  display  as  defined  in  table  2-6  in  accordance  with  the  I&R 
control  word  preceding  the  data. 

2. 4.2. 8 Time  Navigation 

The  NCU  will  compute  time-navigation  symbology  in  the  manner  defined  in  section 
2.4. 1.8,  transmitting  the  data  over  MFD  bus  2 as  shown  in  figure  2-3.  The  preceding  I&R 
control  word  has  TC  = 1 , OC  = 1 , RC  = 0,  RS  = 0,  1C  = 00,  ai.d  WF  = 1 because  the  time 
box  symbol  needs  to  be  rotated  through  the  angle  defined  in  the  symbol  type  3 word.  The 
PCU  will  generate  the  symbology  and  rotate  the  symbol  through  the  angle  defined  in  the 
symbol  type  3 word. 


2.4. 2. 9 Altitude/Range 


There  is  no  altitude/range  symbology  in  the  north-up  map  mode. 

2.4.2.10  Mode  and  Scaling  Annunciation 

The  map  scale  selected  and  the  current  guidance  and/or  hold  mode  activated  will  be 
displayed  in  the  same  manner  as  that  defined  in  section  2.4.1.10.  The  X,Y  coordinates  in 
the  text  type  2 word  will  be  X = -230  Y = -276. 

2.5  MFD  TEST  FEATURES 

This  mode  is  initiated  by  pressing  the  TEST  button  on  the  .MFD  mode  control  unit  (see 
fig.  2-8).  Selection  of  this  mode  overrides  all  other  .MFD  modes,  and  the  MFD  remains  in  the 
test  mode  until  another  mode  is  selected  on  the  MFD  mode  control  unit.  The  display  test 
pattern  seen  on  the  MFD  when  this  mode  is  selected  is  shown  in  figure  2-14. 

2.5.1  MFD  Self-Test 

This  mode  is  initiated  by  pressing  the  TEST  b’utton  on  the  MFD  mode  control  unit  (see 
fig.  2-8).  Selection  of  this  mode  overrides  all  of  the  MFD  modes,  and  the  MFD  remains  in 
the  test  mode  until  another  mode  is  selected  on  the  MFD  mode  control  unit.  The  display 
test  pattern  seen  on  the  MFD  when  this  mode  is  selected  is  shown  in  figure  2-14. 

2.5.2  NCU/PCU  Interface  Test 

The  NCU  test  mode  is  initiated  by  the  test  switch  on  the  NCDU.  Full  details  of  the 
NCU  self-test  requirements  are  defined  in  section  7.0.  Included  in  this  test  is  the  NCU/PCU 
interface  test,  which  checks  the  MFD  bus  1 and  bus  2 transmissions  to  the  PCU. 

Activation  of  this  test  will  generate  the  test  patterns  on  the  MFD  defined  in  figure 
2-15.  These  patterns  are  generated  by  transmitting  the  data  listed  in  table  2-12  over  MFD 
bus  1 and  bus  2.  If  the  test  is  successful,  the  following  message  will  appear  as  shown  in 
figure  2-15;  MFD  BUS  #1  GOOD 
MFD  BUS  #2  GOOD 

If  MFD  bus  2 fails,  the  message  will  be  (see  fig.  2-14);  MFD  BUS  #2  BAD.  If  MFD  bus  1 
and  MFD  2 buses  fail,  neither  message  will  appear. 

The  NCU  will  continue  to  transmit  the  data  listed  in  table  2-12  as  long  as  the  NCDU 
test  switch  is  in  the  TEST  position. 

The  DS  will  operate  in  the  normal  manner  during  this  test  and  will  display  all  valid  data 
it  receives  over  MFD  bus  1 and  MFD  bus  2. 

2.6  NCDU/MFD  INTERRELATIONSHIP 

Actions  on  the  NCDU  keyboard  influence  the  display  on  the  MFD  in  several  ways,  as 
summarized  below.  The  detailed  keyboard  procedures  are  defined  in  section  6.0. 


2.6.1  Flight  Plan  Selection 

Until  a llight  plan  has  been  entered  through  the  NCDU.  there  will  be  no  route  line  or 
track  error  bug  on  the  .MFD  map  displays  (see  secs.  2.4. 1 .6.2  and  2.4. 1 .7.8).  The  waypoints 
that  are  selected  foi  the  llight  plan,  together  with  the  navaids  to  which  the  VHF  radio 
navigation  receivers  have  been  tuned,  either  by  autotune  or  manually,  become  the  first 
priority  on  the  map  display  (see  sec.  2.4.1 .7.6). 

Until  planned  times  of  arrival  (PTAs)  and  planned  groundspeeds  (PGSs)  have  been 
assigned  to  the  (light  plan  waypoints,  no  time-navigation  symbology  can  be  generated  on  the 
MFD  (see  sec.  2 4.1.8). 

2.6.2  SEL  (Select)  Mode 

The  NCDU  SEL  mode  is  used  to  enter  outer  loop  guidance  control  functions  into  the 
navigation  and  guidance  system.  Three  selections  impact  the  MFD  map  formats  by 
activating  the  following  symbology 

Holding  pattern  (see  sec.  2.4.1.7.10) 

Track  hold  (see  secs.  2.4.1 .6  and  2.4. 2.6) 

Offset  path  (see  sec.  2.4.1.7.13) 

2.6.3  Look-Up  .Mode 

The  mode  button  number  7-6  (line  7,  row  6)  on  the  NCDU  will  be  designated 
LOOK-UP.  This  NCDU  mode  will  enable  display  of  data  selected  from  bulk  storage  in  the 
track-up  and  north-up  map  modes.  The  data  for  display  are  defined  by  LOKWPT  and 
LOKBUF  in  the  look-up  data  buffer  (table  6-6). 

In  addition,  the  north-up  map  mode  center  can  be  selected  by  the  look-up  mode,  and 
will  be  defined  by  the  NCDU  as  LATCEN,  LONCEN,  and  CENWPT  (see  sec.  2.4. 2. 7). 
Pressing  the  NCDU  keys  2,  R,  N,  O..  ENT  will,  for  example,  center  the  .MFD  north-up  map 
at  RNO.  The  two  cells  labeled  CENWPT  contain  the  pointer  to  the  bulk  data  address  for 
RNO.  as  well  as  a code  to  define  the  symbol. 

If  no  reference  point  has  been  entered  through  the  look-up  mode,  the  north-up  map 
display  will  be  referenced  to  the  waypoint  on  line  4 of  the  FLT  PLN  display  format.  When 
this  display  is  slewed  UP  or  DOWN,  the  north-up  map  follows  by  changing  its  reference  to 
the  waypoint  on  line  4 after  the  slewing  has  stopped  for  2 sec. 

The  data  defined  in  LOKWPT  and  LOKBUF  will  become  the  first  priority  data  for  the 
MFD  map  displays  and  will  be  displayed  even  if  the  associated  symbology  option  is  selected 
OFF  on  the  MFD  mode  control  unit. 

2.7  SCU  INTERFACE 

The  symbol  delete  option  switches  on  the  SCU  will  have  the  capability  of  controlling 
only  the  general-function  symbology  on  the  MFD.  This  is  symbology  transmitted  over  MFD 
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bus  2 witli  a label  code.  Three  of  the  valid/erase  switches  will  be  mechani/.ed  for  both  the 
track-iip  and  north-up  map  modes: 

Ssvitch  1 OFF  Track  tape  .symbology  deleted 
Switch  2 OFF  Track  digits  deleted 
Switch  3 OFF  Track  select  bug 


TABLE  2-1. -MFD  BUS  1 TRANSMISSION  ORDER 


Track- Up  Map 

North-Up  Map 

0 

1 

SOT  control  WO' d j 

SOT  control  word 

1 

l&R  control  word  ' 

(TC=  1,OC- 1,  RC=  1,  IC=  11,  I 

WF  = 1,RS  = 0)  1 

l&R  control  word 

(TC  = 1,OC  = 1,  RC  = 0,  1C  = 00, 

WF  = 1,  RS  = 0) 

Upright  symbol  word  groups  (R  = 0)  [ 

Symbol  word  groups 

T ext  word  ;,youps 

Text  word  groups 

Vector  wi'rd  groups  . 

Vector  word  groups 

l&R  control  word  j 

(TC  = 1,OC  = 1,RC=  1,  IC=  11,  1 

WF  = 1,RS=1)  1 

Rotated  symbol  word  groups  (R  = 1) 

EOD  control  word  (TC  = 1 ) 

l&R  control  word 

MFD  2 data 

EOD  control  word  (TC  = 0) 

Unused  data  words 

507 

Mode  MFD  2 

508 

AMFD  2 

509 

Mode  MFD  1 

510 

511 

A MFD  1 
EOT  control  word 

Note:  There  may  be  other  l&R  control  words  within  an  MFD  1 or  MFD  2 data  block. 


^These  data  blocks  and  words  are  applicable  only  when  two  MFD  displays  are  in  use. 


TABLE  2-2.-MFD  BUS  2 LABEL  CODES  AND  TRANSMISSION  ORDER-TRACK-UP  MAP^ 


Label 

MSB 

LSB 

Function 

8 

7 

6 

5 

4 

3 

2 

1 

0 

1 

0 

0 

0 

0 

0 

0 

MFD  1 della  position  E and  N 

0 

1 

0 

0 

0 

0 

0 

1 

MFD  1 coordinate  rotation  angle  (TK  sin  and  cos) 

0 

1 

0 

0 

0 

0 

1 

0 

Track  angle  (TK)— binary 

0 

1 

0 

0 

0 

0 

1 

1 

Track  angle— BCD 

0 

1 

0 

0 

0 

1 

0 

0 

Selected  track  error  (TKESEL  sin  and  cos) 

0 

1 

0 

0 

0 

1 

0 

1 

Selected  track  error  (TKESEL  scaled  binary) 

0 

1 

0 

0 

0 

1 

1 

0 

Airplane  position  N and  E (DM  = 11) 

0 

1 

0 

0 

0 

1 

1 

1 

MFD  mode  word 

0 

1 

0 

0 

1 

0 

0 

0 

l&R  control  word  with  IC=  00,  RC  = 0,  RS  = 0^ 

0 

1 

0 

0 

1 

0 

0 

1 

Vector  word  type  1 

Curved-trend  vector 

0 

1 

0 

0 

1 

0 

1 

0 

2 

0 

1 

0 

0 

1 

0 

1 

1 

2 

> 30-sec  line 

0 

1 

0 

0 

1 

1 

0 

0 

2 

0 

1 

0 

0 

1 

1 

0 

1 

2 

0 

1 

0 

0 

1 

1 

1 

0 

2 . 

0 

1 

0 

0 

1 

1 

1 

1 

Vector  word  type  1 

0 

1 

0 

1 

0 

0 

0 

0 

2 

0 

1 

0 

1 

0 

0 

0 

1 

2 

> 60-sec  line 

0 

1 

0 

1 

0 

0 

1 

0 

2 

0 

1 

0 

1 

0 

0 

1 

1 

2 

0 

1 

0 

1 

0 

1 

0 

0 

2 J 

0 

1 

0 

1 

0 

1 

0 

1 

Vector  word  type  1 

0 

1 

0 

1 

0 

1 

1 

0 

2 

0 

1 

0 

1 

0 

1 

1 

1 

2 

> 90-sec  line 

0 

1 

0 

1 

1 

0 

0 

0 

2 

0 

1 

0 

1 

1 

0 

0 

1 

2 

0 

1 

0 

1 

1 

0 

1 

0 

2 

0 

1 

0 

1 

1 

0 

1 

1 

l&R  control  word  with  1C  “•  00,  RC  = 1,  RS  = 1,  OC  = 1 

0 

1 

0 

1 

1 

1 

0 

0 

Symbol  word  type  1 

0 

1 

0 

1 

1 

1 

0 

1 

(R=1)  2 

Time  box 

0 

1 

0 

1 

1 

1 

1 

0 

3 

0 

1 

0 

1 

1 

1 

1 

1 

l&R  control  word  with  1C  = 00,  RC  = 1,  RS  = 0,  OC  = 1 

0 

1 

1 

0 

0 

0 

0 

0 

Symbol  word  type  1 

30-sec  dot 

0 

1 

1 

0 

0 

0 

0 

1 

(R  = 0)  2 

0 

1 

1 

0 

0 

0 

1 

0 

1 

60-sec  dot 

0 

1 

1 

0 

0 

0 

1 

1 

2 

0 

1 

1 

0 

0 

1 

0 

0 

1 

90-sec  dot 

0 

1 

1 

0 

0 

1 

0 

1 

2 

0 

1 

1 

0 

0 

1 

1 

0 

EOD  control  word  with  TC  = 0 

0 

1 

1 

0 

0 

1 

1 

1 

Unassigned 

0 

1 

1 

1 

1 

1 

1 

^Single  MFD  display  configuration 

*^The  data  content  following  the  l&R  control  word  varies  in  content 
depending  on  the  map  scale  and  symbol  options  selected. 


TABLE  2-3.-MFD  DUS  2 LABEL  CODESAND  TRANSMISSION  ORDER-NORTH-UP  MAP 


Label 

MSB 

LSB 

Function 

8 

7 

6 

5 

4 

3 

2 

1 

0 

1 

0 

0 

0 

0 

0 

0 

Invalid 

0 

1 

0 

0 

0 

0 

0 

1 

TK  sin  and  cos 

0 

1 

0 

0 

0 

0 

1 

0 

Track  angle  (TK)-binary 

0 

1 

0 

0 

0 

0 

1 

1 

Track  ang!e-BCD 

0 

1 

0 

0 

0 

1 

0 

0 

Selected  track  erior  (TKESEL  sin  and  cos) 

0 

1 

0 

0 

0 

1 

0 

1 

Selected  track  error  (TKESEL  scaled  binary) 

0 

1 

0 

0 

0 

1 

1 

0 

Airplane  position  N and  E 

0 

1 

0 

0 

0 

1 

1 

1 

MFD  mode  word 

0 

1 

0 

0 

1 

0 

0 

0 

l&R  control  word  with  1C  = 00,  RC  = 0,  RS  = 0 

0 

1 

0 

0 

1 

0 

0 

1 

Vector  word  type  1 

0 

1 

0 

0 

1 

0 

1 

0 

2 

0 

1 

0 

0 

0 

1 

1 

2 Curved-trend  vector— 

0 

1 

0 

0 

1 

1 

0 

0 

2 first  segment 

0 

1 

0 

0 

1 

1 

0 

1 

2 

0 

1 

0 

0 

1 

1 

1 

0 

2 

0 

1 

0 

0 

1 

1 

1 

1 

Vector  word  type  1 ' 

0 

1 

0 

1 

0 

0 

0 

0 

■ 2 

0 

1 

0 

1 

0 

0 

0 

1 

2 Curved-trend  vector— 

0 

1 

0 

1 

0 

0 

1 

0 

2 second  segment 

0 

1 

0 

1 

0 

0 

1 

1 

2 

0 

1 

0 

1 

0 

1 

0 

0 

2 , 

0 

1 

0 

1 

0 

1 

0 

1 

Vector  word  type  1 \ 

0 

1 

0 

1 

0 

1 

1 

0 

2 

0 

1 

0 

1 

0 

1 

1 

1 

2 \ Curved-trend  vector— 

0 

1 

0 

1 

1 

0 

0 

0 

2 i third  segment 

0 

1 

0 

1 

1 

0 

0 

1 

2 

0 

1 

0 

1 

1 

0 

1 

0 

2 ; 

0 

1 

0 

1 

1 

0 

1 

i 

Symbol  word  type  1 ] 

0 1 0 
0 1 0 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 
0 1 1 


1 1 1 
1 1 1 
1 1 1 
1 1 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1 
0 0 1 


0 1111111 


Time  box 


Symbol  word  type  1 1 

2/ 

Symbol  word  type  1 I 
2) 


30-sec  dot 
60-sec  dot 


Symbol  word  type  1 ) 

2/  90-sec  dot 

EOD  control  word  vvith  TC  = 0 
Unassigned 


Note:  Data  content  is  dependent  on  the  symbology  options  selected. 


I 


I 


TABLE  2-5.-MFD  MODE  CONTROLLER  OPERA  TION 


Mode 

Rotary  switch 

Function 

TRAGK-UPMAP 

Selects  fixed  aircraft/moving  map  track-up  oriented  format 

NORTH-UP  MAP 

Selects  fixed  north-up  oriented/moving  aircraft  map  format 

SPARE 

TEST 

Causes  a predefined  test  pattern  to  appear  on  the  MFD  (fig.  2-14) 

Note;  At  power  ON,  the  mode  corresponding  to  the  current  switch  position 
will  be  generated. 

Symbology  options 

Button 

Function 

NAVAIDS 

Switches  non-flight-plan  navaids  ON/OFF 

TERRAIN 

Switches  terrain  data,  mountains,  obstructions  ON/OFF 

AIRPORTS 

Switches  airfields  ON/OFF 

T-NAV 

Switches  time-nav  symbology  ON/OFF  (T-NAV  symbology 
displayed  if  and  only  if  a 4D  flight  plan  has  been  entered 
through  the  NCDU);  this  switch  also  controls  the  acceleration 
command  symbol  on  the  EADI 

GRP 

Switches  non-flight-plan  geographic  reference  points  ON/OFF 

ALT/RANGE 

Switches  altitude/range  symbology  ON/OFF 

WPT/ALT 

Switches  altitude  readout  at  each  flight  plan  waypoint  ON/OFF 

TREND  VECTOR 

Switches  curved-trend  vector  ON/OFF 

Notes;  These  buttons  operate  only  when  TRACK-UP  MAP  or  NORTH-UP  MAP  mode 
is  selected. 

Symbology  option-buttons  light  up  green  when  pressed  to  signify  ON. 
Second  press  changes  color  to  white  to  signify  OFF. 

Rotary  switch 

Function 

MAP  SCALES 

Selects  1, 2,  4,  8, 16,  or  32  nmi/in.  mao  scale  for 
TRACK-UP  MAP  and  NORTH-UP  MAP  modes. 

Machine  units 


TABLE  2-6.-MFD  SYMROLG'-.  Y 


16 

machine 

units 

1240 

□ 

4.13 

1085 

□ 

3.61 

930 

D 

3.10 

775 

□ 

2.58 

620 

□ 

2.06 

’1 

— 0.05 

465 ^ 

D 

1.55 

0.C5  in. 


0 + 


Zero  length 
vector 

(16  required) 


Track  Select  Symbol 


Radial  Symbol 


III|0.05|-^0.13--^^0.13--*^  0.05 
Inches 

Standard  Circle  Symbol 


Machine  units 


Fan  Marker  Symbol 


I 


c 

3 


O 

<0 


TABLE  26.  -CONTINUED 

Machine  units 


-»18— 


— 16»-  8 [-16  i-ls  1-16-^ 


19 


•20 


T 

0.18 


£ 

O 

c 


Mountain  Symbol 


Machine  units 


Machine  units 


-18- 


— ^ 8 8 |-^ 


•18-*4 


8 8 

8 

0.025 

8 

0.025 

12 

CM  CM 

o o 

o o 1 

1 

69 


£ 

U 

CO 


Inches 

Standard  Dot  Symbol 


T 

16 

± 


0.226 


T 

0.05 

_1_ 


Obstruction  Symbol 


59 


Inches 


Machine  units 


TABLE  2-6.-C0NTINUED 

Machine  units 


Machine  units 


Inches 


r9*4-«0.06»-4-*^ — 0. 1 0-*4-^-06»- 

O CN,  I 

-*-1 9 f-0.06-|— 0. 1 4 ■- 

Inches 

Alphanumeric  2 


Alphanumeric  3 


Inches 


TABLE  2-6.-C0NTINUED 


Machine  units 


Alphanumeric  8 


U.UD 

t 

0.08 


Machine  units 


81 

I 18 

c , 
o 

CD  1 


Alphanumeric  9 


TABLE  2-6.  -CONTINUED 
Machine  units 


Inches 


Alphanumeric  B 


Inches 


Inches 


900 


table  2-6.-CONTINUED 


Alphanumeric  L 


Alphanumeric  M 


n r 


c 

3 
o 

£ 126 


inches 

Alphanumeric  N 


Inches 


0.045 


TABLE  2-6.-CONTINUED 
Machine  units 
18*4— — 30 — 


Alphanumeric  P 


m 


m 


T 

18 

t 

18 

t 

\ 

26 

+ 

18 

± 


TABL  E 2-6.-C0NTINUED 

Machine  units  . 

30 — 

T 

0.06 


IE 

u 


Alphanumeric  S 


C 

3 


SI 

U 


i 

+ 

0.06 

•f 

0.06 

i 

I 

0.06 

1 


Machine  units 


11 


|— 36 ►- 


-36- 


H 0.04  h-  0.12  — 0.12  -I 


Inches 
Alphanumeric  T 


0.24 


Inches 


0.025 


TABLE  2-6.  -CONTINUED 
Machine  units 


Inches 

Alphanumeric  Z 


80 


TABLE  2-6.-CONTINUED 


Single-Vector  Types 


I 


TA  BL  E 2-6. -CONCL  UDED 


t 


I 


i 


I 


I 


I 


I 


^ 0.066 


0.066 


Jo.ll* J 0.2  — 

t 

(typ)  (typ) 

j-0.066 

— Jo.1 

— _Jo.ll— 

1 

(typ! 

(typ) 

^0.066 

ooooooo  OOOOOOOO 

1 

1 1 

”*no.iP' — 

(typ) 

j-0.066 

^o.i 

^ ^ 

0.2  

t 

!ty?l 

hyp) 

£-0.066 

-Jo.iJ — 

(typ) 

-Jo.il-^ 

(typ) 

"7 

O 

O 


O O 

o o 


o 

o 


o o o o o o o 
o o o o o o o 


(typi 


o o 
o O 


o 

o 


o 

o 


Dimensions  in  inches 


Double-Vector  Types 


1101000 


1101001 


1101010 


1101011 


1101101 


1101110 


1101111 


& 


81 


Code 


Do  nothing 
Text 

Line  feed  (LF) 
Carriage  return  (CR) 


I 

A 

<S> 

ooooooo 


CD 


0 

o 


A 

o 

V 

V 


A 


ooo 


O 


Tick  mark 
GRP 

VOR  and  reporting  point 

Radial 

Reserved 

Time  box 

Airfield  and  runway 
Circle 


Marker  beacon 

GRP  and  reporting  point 

VOR 

VORTAC 

Reserved 

VORTAC  and  reporting  point 

Reserved 

Dot 

Mountain 

Reserved 

Spare 

Obstruction 

Waypoint 

Nopdirectional  radio  beacon  (NOB) 
Waypoint  and  cue 
Waypoint  and  cue 


TABLE  2-7. -CONTINUED 


Bit 

Code 

1 13 ISI  El  Eli^S 

0 1 

0 

0 

0 

0 

0 

Space 

0 1 

0 

0 

0 

0 

1 

1 

( f NCDU) 

0 1 

0 

0 

0 

1 

0 

tt 

( ♦ NOCU) 

0 1 

0 

0 

0 

1 

1 

# 

0 1 

0 

0 

1 

0 

0 

s 

0 1 

0 

0 

1 

0 

1 

% 

0 1 

0 

0 

1 

1 

0 

& 

0 1 

0 

0 

1 

1 

1 

$ 

0 1 

0 

1 

0 

0 

0 

1 

C 1 

0 

1 

0 

0 

1 

) 

0 1 

0 

1 

0 

1 

0 

• 

0 1 

0 

1 

0 

1 

1 

+ 

0 1 

0 

1 

1 

0 

0 

» 

0 1 

0 

1 

1 

0 

1 

- 

0 1 

0 

1 

1 

1 

0 

0 i 

0 

1 

1 

1 

1 

t 

0 1 

1 

0 

0 

0 

0 

0 

0 1 

1 

0 

0 

0 

1 

1 

0 1 

1 

0 

0 

0 

0 1 

1 

0 

0 

1 

1 

3 

0 1 

1 

0 

1 

0 

0 

4 

0 1 

1 

0 

1 

0 

1 

5 

0 1 

1 

0 

1 

1 

0 

6 

0 1 

1 

0 

1 

1 

7 

0 1 

1 

1 

0 

0 

8 

0 1 

1 

1 

0 

0 

1 

9 

0 1 

1 

1 

0 

1 

0 

0 1 

1 

1 

0 

1 

1 

0 1 

1 

1 

1 

0 

0 

< 

0 1 

1 

1 

1 

0 

1 

= 

0 1 

1 

1 

1 

1 

0 

> 

0 1 

1 

1 

1 

1 

1 

? 

1 

Bit 


Code 


1 0 0 0 0 0 0 
1 0 0 0 0 0 1 
1 0 0 0 C 1 0 
1 0 C 0 0 1 1 
1 0 0 0 1 0 0 
10  0 0 10  1 
1 0 0 0 1 1 0 
1 0 0 0 1 1 1 
1 0 0 1 0 0 0 
10  0 1 0 0 1 
10  0 10  10 
10  0 10  11 
10  0 110  0 
10  0 110  1 
10  0 1110 
10  0 1111 
1 0 1 0 0 0 0 
1 0 1 0 0 0 1 
10  10  0 10 
10  10  0 11 
10  10  10  0 
10  10  10  1 
10  10  110 
10  10  111 
10  110  0 0 
10  1 10  0 1 
10  110  10 
10  110  11 
10  1110  0 
10  1110  1 
10  11110 
10  11111 


A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

V 

vv 

X 

Y 

z 

[ 

\ 

1 

A 


NCDU) 
(4*  NCDU) 
( * NCDU) 


TABLE  2-7.-C0NCLUDED 


Bit 

Code 

IBBBQBEID 

1 1 1 1 X X X 

8 control  codes 

1 1 1 0 X X X 

8 programmable  symbols 

1 1 0 0 X X X 

8 single-vector  codes 

1 1 0 1 X X X 

8 double  vectot  codes 

1 0 X X X X X 

32  ASCII  symbols 

0 1 X X X X X 

32  ASCII  symbols 

0 0 1 X X X X 

16  programmable  symbols 

0 0 0 1 X X X 

8 programmable  symbols 

0 0 0 0 1 XX 

4 unassigned  control  codes 

0 0 0 0 0 X X 

4 text  control  codes 

TABLE  2-8.~TRACK~UP  MAP  DATA  RA  TES 


Symbology/function 

Minimum 

computation 

rate 

(number/sec) 

Data  transmission 

MFD  bus  1 

MFD  bus  2 

1/sec 

20/sec 

Aircraft 





Curved-trend  vector 

20 

X 

Straight-trend  vector 

— 

— 

Track  angle  (binary) 

20 

X 

Track  angle  (BCD) 

1 

X 

Track  error  bug 

20 

X 

Track  hold  line 

20 

X 

ADIZ  line 

1 

X 

AOlZ  label 

1 

X 

Airfield 

1 

X 

Airfield  identifiers 

1 

X 

Runway  identifiers 

1 

X 

Extended  runway  centerline 

1 

X 

Outer  marker  and  label 

1 

X 

GRPs  and  identifiers 

1 

X 

Latitude-longitude  grid 

1 

X 

Latitude-longitude  labels 

1 

X 

Mountains  and  altitude  labels 

1 

X 

Navaids  and  identifiers 

1 

X 

Route  lines 

1 

X 

Waypoints  and  labels 

1 

X 

Track  sin/cos 

20 

X 

N/E  coordinates 

5 

X 

Holding  pattern  and  label 

1 

X 

Obstructions  and  label 

1 

X 

Turn  markers 

1 

X 

Speed  change  points 

1 

X 

Time  box  and  dots 

20 

X 

Altitude  range 

5 

X 

TABLE  2-9.-NA  VAIDS  DJSPLA  Y 


Map  scale 

lavaids 

(nmi/in.) 

Selectable  ON  or  OFF 

Displayed  full  time 

32 

Category  1 navaids  and 
NOBs 

Navaids  on  flight  plan;  the 
two  navaids  presently  "tuned  in" 

1,  2,  4,  8,  and 

Category  1 and  2 

Navaids  on  flight  plan; 

16 

navaids  and  NDBs 

the  two  navaids  presently 
"tuned  in" 

TABLE  2-10.-HOLDING  PATTERN  PARAMETERS 


Altitude 
(1000  ft) 

X 

> 1 

! 

L|^  (nmi) 

(nmi) 

0-5 

205 

2.72 

2.63 

5-10 

215 

2.64 

2.39 

10-  14 

235 

2.41 

3.45 

14-20 

280 

3.98 

4.90 

20-25 

305 

3.58 

5.81 

25-30 

330 

3.06 

6.81 

30-35 

365 

5.17 

8.33 

35-40 

405 

4.15 

10.25 

TABLE  2- 1 1. -NORTH-UP  MAP  DA  TA  RA TES 


Symbology/f  unction 

Minimum 

computation 

rate 

(number/sec) 

Data  transmission 

MFD  bus  1 

MFD  bus  2 

1/sec 

20/sec 

Aircraft 

20 

X 

Curved-trend  vector 

20 

X 

Straight-trend  vector 

20 

X 

Track  digits/scale 

20 

X 

Track  select  bug 

20 

X 

ADI2  line 

X 

ADIZ  label 

X 

Airfield 

X 

Airfield  identifiers 

X 

Runway  identifiers 

X 

Extended  runway  centerline 

X 

Outer  marker 

X 

Intersections  and  identifiers 

X 

Latitude-longitude  grid 

Computed  once  for 

X 

Latitude-longitude  labels 

► 

each  scale  change; 

X 

Mountains  and  altitude  labels 

deleted  when 

X 

Navaids  and  identifiers 

selected  OFF 

X 

Route  lines 

X 

Waypoints  and  labels 

X 

Holding  pattern  and  label 

X 

Obstructions 

X 

Turn  markers 

X 

Speed  change  points 

X 

Time  box  and  dots 

20 

X 

Altitude/range 

5 

X 

TABLE  2-12.-NCU/PCU  INTERFACE  TEST  DATA  TRANSMITTAL 


Bus  1 

Word  no. 

Data 

Data  content  | 

0 

SOT 

n 

1 

l&R  control  word 

IC=11 

, RC=1,  RS-0.OC=0 

2 

Symbol  word— text 

It=  11 

3 

Symbol  word— type  2 

Position  N 240,  E -60 

4 

Symbol  word— type  4 

M 

F 

D 

5 

Symbol  word— type  4 

b 

B 

U 

6 

Symbol  word— type  4 

S 

b 

# 

7 

Symbol  word— type  4 

2 

b 

b 

8 

Symbol  word— type  4 

B 

A 

D 

9 

Symbol  word— text 

It=ii 

10 

Symbol  word— type  2 

Position  N -360.  E -60 

11 

Symbol  word— type  4 

M 

F 

D 

12 

Symbol  word— type  4 

b 

B 

U 

13 

Symbol  word— type  4 

S 

b 

# 

14 

Symbol  word— type  4 

1 

b 

G 

15 

Symbol  word— type  4 

0 

0 

D 

16 

Symbol  vord-type  4 

b 

CR 

LF 

17 

Symbol  word— type  4 

M 

F 

D 

18 

Symbol  word— type  4 

b 

B 

U 

19 

Symbol  word— type  4 

S 

b 

# 

20 

Symbol  word— type  4 

2 

b 

G 

21 

Symbol  word— type  4 

0 

0 

D 

22 

EOD  control  word 

TC=0 

509 

Mode  MFD  1 

Track- 

up  map 

510 

AMFD  1 

An  = 

0,  AE  = 

0 

511 

EOT 

Notes:  b = space 

ST  = 1 in  ail  type  4 words 


Bus  2 

Label 

Data 

Data  content 

0 1 0 0 0 0 0 
0 1 0 0 0 0 1 
0 1 0 0 0 1 0 
0 1 0 0 0 1 1 
0 10  0 10  0 
0 10  0 10  1 
0 10  0 110 
0 10  0 111 
0 1 0 1 0 0 0 t 

0111111) 

AN,  AE 

Coordinate  rotation  angle 
TK  binary 
TK  BCD 
TKESEL  sin/cos 
TKESEL  binary 
Airplane  position 
EOD 

Unassigned 

+100,0 

0° 

Current  track  (magnetic) 

Curient  track  (magnetic) 

Invalid 

Invalid 

Zero 

Bit  no. 

32  31  30  29  28  27  26  25  24  23  22  21  20  19  18  17  16  15  14  13  12  1 1 10  9 8 7 6 5 4 3 2 1 


P lWF|TCl 


I I I 

|OC|RCRS|  1C  I 7-bit  code  I 


Insignificant  bit 


Bit 

30 

TC 

1 : table  continues 

1 

1 

Control 
110  0 

0\ 

- 

23 

OC 

= 

1 : offset  adder  control 

1 

1 

110  0 

1 

Spare 

= 

22 

RC 

1:  rotate  coordinates 

1 

1 

110  1 

0 

! 

21 

RS 

= 

1 : rotate  symbol 

1 

1 

110  1 

1 

20 

1C 

1 : increment  Y coordinate 

1 

1 

1110 

0 

l&R 

19 

1C 

1;  increment  X coordinate 

1 

1 

1110 

1 

SOT 

31 

WF 

0:  group  continues 

1 

1 

1111 

0 

EOD 

WF 

= 

1 : end  of  group 

1 

1 

1111 

1 

EOT 

Note:  RC  and  1C  are  applicable  only  for  the  l&R  control  code. 


Control  word  requirements: 

WF  bit  has  to  be  1 
TC  bit  has  to  be  1 except  for  tr.c 
OC  is  1 for  track-up  map  mode 
1 for  north-up  map  mode 
0 for  NCDU  test  mode 


last  EGD 


0 = reference  is  screen  center 

1 = reference  is  preset  offset 


Control  word  definitions: 

l&R  = coordincte  increment  and  rotation  control 

SOT  = start  of  transmission 

EOD  = end  of  data 

EOT  = end  of  transmission 


FIGURE  2-I.-MFD  BUS  7 CONTROL  WORDS 


91 


Bit  no. 


Word  Type  lA-Code  Word 

32  31  30  29  28  27  26  25  24  23  22  21  20  19  18  17  16  15  14  13  12  11  10  9 8 7 6 5 4 3 2 1 


I P |WFj  L j Color  I SS  I j R I OFS  I 'j  7 bit  code  1$  Label 


Tag  offset  (OFS)  = 

4 offsets 

Symbol  codes 
1 1 1 X X X X 

8 special 

Rotate  symbol  (R)  = 

1:  rotate 

1 0 X X X X X 

32  ASCII 

1 mbol  size  (SS) 

4 sizes 

0 1 X X X X X 

32  ASCII 

Symbol  intensity  (Ig)  = 

4 intensities 

0 0 1 X X X X 

16  special 

On-screen  limit  (L)  = 

1 ; limit 

0 0 0 1 X X X 

8 special 

Tag  intensity  (l-|-) 

Intensity  (1) 

4 intensities 

OFS 

X (in.)  Y (in.) 

00  = zero 

00 

-i-O.M?  -0.300 

01  = dim 

01 

+0.147  -0.147 

10  = medium 

10 

-0.325  -0.374 

11  = maximum 

11 

+0.100  -0.200 

Symbol 

Size  (in.) 

Percent  of  size 
defined  in  table  2-6 

11 

0.40 

100% 

10 

0.316 

79% 

01 

0.233 

58  % 

00 

0.15 

37.5% 

Text  Instruction  Word  Type 


followed  by  symbol  type  4 words 

Word  Type  2-Position  Word 

I I I I I I I I I n I M-l  [ I I n ITI  T'IT-T-TT- 

I P |Wf|c  I North^  or  Y position  joj  East®  or  X position  | Label 

C (conic)  has  to  = 0 

Word  Type  3— Symbol  Rotation  Word 

(~f"i  ri  r I rn  1 'r'T~T"rT~TT  tti  r-i-r- 

-LLl  I J I l I I I I i-l-|  l~|-|  |-|-|“|-r 

P jWFl  Rotation  angle  j 


Tag  size  (ST)  = 0:  small  - Insignificant  bit 

WF  = 1 in  last  word  of  group;  elsewhere,  WF  = 0 ® Track-up  map  mode 


FIGURE  2-2.-MFD  BUS  1 SYMBOL  WORDS 
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Word  Type  1— Code  Word 


Bit  no. 


31  31  30  29  28  27  26  26  24  23  22  21  20  19  18  17  16  15  14  13  12  11  10  a 8 7 6 5 4 3 2 1 

r r*r-rV~r -i*n--r  p-f  *r i i i -r  irr- 


I ri-TiTiT-r-ri-i-i-i-i  rm  iTTiT-r-i-Ti-i-iT-n 


IPjWFj  I 


Color 


I 


j 7-bit  code  I *V  j | 

Vector  modulation 

1 1 0 0 X X X Single  vectors 
(8  codes) 

1 1 0 1 X X X Double  vectors 
(8  codes) 


Label 


I 


Word  Type  2— Position  Word 


fiTriT  I 


TTTTT 


-H-I-FR? 


cm 


I pM  C j North  position^ 


East  position® 


Conic  control  (C) 


0 = straight-vector  segment 

1 = start  of  conic  segment 

Direction  of  conic  (D) 

0 = counterclockwise 

1 = clockwise 


WF 

1 = end  of  vector 
0 = vector  continues 


Word  Type  3A— Conic  Word  1 


m 


Label 


p[«Fl 


Arc  length 


Rotation  angle  (±180°)  | 


Label 


Word  Type  3B— Conic  Word  2 


-I-I-I-I-I-TT-1 


INI  ITI 


jp|wFj 


Radius 


I 


Label 

- Insignificant  bit 
® Tr.ick-up  map  mode 


FIGURE  2-3.-MFD  BUS  1 VECTOR  WORDS 
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Bit  no. 


Mill  JZZUZ 

o 

O 

O 

O 

O 

o 

o 

1 P 1 DM 

AN  (±1023) 

AE(±1023)  I Label  | 

□ 

o 

o 

o 

o 

o 

o 

|P 

DM  1 Sin(TK) 

1 Cos(TK)  1 1 

m 1 1 1 1 1 

o 

o 

o 

o 

o 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

|p|dm|  TK(±180=)  j 1 1 

(12  bit  binary)  i 

n 

1 1-  - - - - 

X 1 1 1 l°M°l°l°T^M4 

pj  DM  ' 

TK  0-360 
(BCD) 

100  1 10  1 1 1 1 

T 

X 

o 

o 

o 

o 

o 

o 

P 

DM 

Sin  (TKESEL) 

Cos  (TKESEL)  | j 

ILEX  X XJ 

1 0 ilo|o|ojilo|i| 

I Pj  DM  I TKESEL  (±511) 


1 1 1 1 1 1 1 1 1 

II  III  rr  rnmx 

o 

o 

o 

o 

o 

1 P 1 DM  1 N 1 

Airplane  position 

E 1 

1 1 

(XTXIXIX 

XIX  . . 

1 

1 

o 

o 

o 

o 

MFD  options 

Mode  Scale  | 

1 1 

The  following  words  (7  through  64)  will  contain  control  words,  symbol  words,  and  vector  words 
formatted  identically  to  MFD  bus  1 data: 


Bit  no. 

11  30 

0 0 Test 

0 1 Minus 

1 0 Plus 

1 1 Invalid 


- Ir.si 


^significant  bit 


FIGURE  2-4.-MFD  BUS  2 WORD  FORMA  TS 
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Bit  no. 


EADI  Mode  Word 


32  3 

[T 

1 30  i 

TT 

!9  28  27  26  25  2 

TTTF' 

♦ 23  22  21  20  19  18  1716  15  1413  12  11  10  9 8 7 6 § 4 3 2.  1 

.1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 |5lo|ol5|™"l 

|p 

EADI  options 

Mode  jAyj 

•m  » 

AFCS 

Label  | 

MFD  1 Mode  Word  

I I I I i-i-i-i-i  I I I I I I I I I I I I I M-|ii°i°i°i°i°idB 

I p I p jP2|P3|  I I MhO  options  I Mode  j Scale  j | | 


F = 1:  Display  failure  - Insignificant  bit 

P.J  = 1 : Bad  parity  on  EADI  bus 

9 2 = 1 : Bad  parity  on  MFD  bus  1 

Pg  = 1 : Bad  parity  on  MFD  bus  2 


MFD  options: 


Mode: 


Scale; 


Bit  no. 

Symbol 

24 

23 

22 

21 

20 

19 

18 

17 

0 

0 

0 

0 

0 

0 

0 

1 

NAVAIDS 

0 

0 

0 

0 

0 

0 

1 

0 

TERRAIN 

0 

0 

0 

0 

0 

1 

0 

0 

AIRPORTS 

0 

0 

0 

0 

1 

0 

0 

C 

WPT/ALT 

0 

0 

0 

1 

0 

0 

0 

0 

GRP 

0 

0 

1 

0 

0 

0 

0 

0 

T-NAV 

0 

1 

0 

0 

0 

0 

0 

0 

ALT/RANGE 

1 

0 

0 

0 

0 

0 

0 

0 

TREND  VECTOR 

Bit  no. 

16 

15 

14 

0 

0 

0 

TRACK-UP  MAP 

0 

0 

1 

NORTH-UP  MAP 

0 

1 

0 

TEST 

0 

1 

1 

Spare 

Bit  no. 

Scale 

11. 

12 

11 

(nmi/in.) 

1 

0 

1 

1 

1 

0 

0 

2 

0 

1 

1 

4 

0 

1 

0 

8 

0 

0 

1 

16 

0 

0 

0 

32 

FIGURE  2-5.— PCU/NCU  WORD  FORMATS  AND  TRANSMISSION  ORDER 
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FIGURE 2-9.-TYPICAL  ThACK-UP  MAP  FORMAT 


FirURE  2-10.-LOCATION  OF  REFERENCE  POINTS  ON  TRACK-UP  MAP  FORMAT 


~ — *~  MFD  bezel 
—•.  — Minimum  edit  area 
-——-Data  limit  ( ± 512  words) 
\ \ \ \ \ \Reserved  for  track  tape 


FIGURE  2-11.  -MO  VING-MAP  D ISP  LA  Y A REAS 


3.0  BULK  DATA  STORAGE 


3.1  GENERAL 

Tliis  section  defines  the  organization  for  storage  of  navigation  and  geographic  data, 
henceforth  called  bulk  data,  required  for  the  guidance,  MFD  map  display,  and  NCDU 
display  functions  of  the  ADEDS  system.  The  data  are  separated  into  categories  for 
convenience  of  access  and  are  organized  as  defined  in  section  3.3.  Section  3.5  describes  the 
bulk  data  formatting  method  to  be  used  for  assembly  of  bulk  data  for  the  NCU.  (The  same 
method  will  be  used  for  the  ADEDS  simulation  on  the  EAl  8400.)  The  bulk  data  used  for 
flight  test  are  tabulated  in  the  appropriate  NCU  program  listing. 

3.2  MEMORY 

Twelve  thousand  24-bit  words  of  direct  access  memory  are  allocated  for  bulk  data 
storage  in  the  ADEDS  configuration  of  the  NCU.  This  allocation  is  somewhat  arbitrary  and 
can  be  amended  if  necessaiy  because  of  program  storage  requirements  or  increased  bulk  data 
requirements. 

3.3  DATA  ORGANIZATION 

The  bulk  data  will  be  separated  into  primary  categories:  airways  and  routes,  SIDs  and 
STARs,  airfields,  geographic  reference  points  (GRPs),  navaids,  terrain,  terminal  data,  missed 
approach  entry  points,  boundaries,  and  latitude-longitude  oceanic  grid  (secs.  3.3.2  through 
3.3.1 1).  Data  in  each  category  will  be  tabulated  and  stored  in  a dedicated  buffer  memory 
zone.  The  format  of  each  buffer. is  defined  in  tables  3-1  through  3-12. 

The  geographic  area  for  which  bulk  data  is  stored  is  divided  into  strips  bounded  by 
lines  of  longitude.  Separate  buffers  within  each  strip  contain  airfield,  GRP,  navaid,  and 
terrain  data.  Access  to  these  data  is  facilitated  by  an  index  block  of  memory  defined  in 
section  3.3.1. 

3.3.1  Index  Block 

The  index  block  shown  in  table  3-1  defines  the  locations  in  bulk  data  memory  for  each 
category  of  data  in  each  longitude  strip.  These  categories  are; 

• Airfields 

• Geographic  reference  points 

• Navaids 

• Terrain 

The  printers  in  each  strip  contain  the  memory  address  of  the  first  data  wcrd  in  the 
buffer  associated  with  each  category  of  data. 


3.3.2  Air-'ays  and  Routes 

VOR/DME  defined  airways,  area  navigation  airways,  and  special  predefined  routes 
representative  of  airline  company  routes  will  be  defined  in  a buffer  as  shown  in  table  3-2. 
This  buffer  is  organized  to  define  each  airway  or  route  as  a list  of  pointers  (addresses)  to 
data  in  other  buffers  such  as  navaids  or  GRPs. 

The  buffer  will  be  subdivided  into  three  areas  dedicated  to- 

• Routes 

• J airways,  including  high-altitude  R-nav  airways 

• V airways 

3.3.3  SIDs.  STARS,  and  MAPs 

SIDs  and  ST.ARs  are  identified  by  an  alphanumeric  designator  of  up  to  six  characters. 
They  are  stored  in  the  form  of  four-dimensional  paths  in  space.  The  buffer  will  have 
provisions  to  store  latitude,  longitude,  altitude,  and  speed  for  each  reference  point  on 
the  path. 

To  facilitate  access  to  the  data,  the  buffer  is  preceded  by  SID  and  STAR  index  blocks 
organized  as  shown  in  table  3-3.  The  SID/STAR  buffer  organization  is  shown  in  table  3*4. 

.Missed  approach  paths  (MAPs)  are  stored  in  the  same  buffer  and  use  the  same  format 
as  that  for  SIDs  and  ST.ARs.  The  MAP  buffer  is  accessed  through  the  pointer  in  the  runway 
data  buffer  (see  table  3-6). 

3.3.4  Airfields 

The  airfield  data  buffer  will  include  airfield,  runway,  outer  marker,  and  frequency 
data.  Potential  origin  or  departure  airfields  (category  1 ) are  distinguished  from  airfields  for 
map  display  only  (category  2)  by  having  no  terminator  = 0 following  the  ATIS  frequency. 
The  buffer  is  preceded  by  an  index  block  (defined  in  table  3-1)  for  each  longitude  strip. 

The  category  2 airfield  format  is  shown  in  table  3-5;  the  category  1 airfield  format  is 
shown  in  table  3-6. 

3.3.5  Geographic  Reference  Points 

All  nonradiating  geographic  positions  used  for  navigation  and  guidance  purposes  are 
collectively  called  GRPs  in  this  document.  Included  in  the  GRP  category  are  airway 
intersections,  named  waypoints  in  the  VOR/DME  route  structure,  and  named  waypoints  in 
the  area  navigation  route  structure. 

GRPs  arc  usually  identified  by  a five-letter  code  derived  from  their  geographic  name. 
The  GRP  buffer  format  is  shown  in  table  3-7.  The  buffer  is  preceded  by  an  index  block  as 
defined  in  table  3-1  for  each  longitude  strip. 


3.3.6  Navaids 


The  navaids  buffer  will  store  the  pertinent  data  for  all  en  route  and  terminal  area 
radiating  navigation  aids  except  for  ILS  and  runway  marker  beacons.  The  navaids  buffer 
contains: 

• VORTACs 

• VORs 

o Nondirectional  radio  beacons  (NDBs) 

The  buffer  format  is  defined  in  table  3-8.  The  buffer  is  preceded  by  an  index  block  as 
defined  in  table  3-1  for  each  longitude  strip. 

3.3.7  Terrain 

The  terrain  buffer  is  defined  in  table  3-9.  The  buffer  includes  two  categories  of  data: 

• Mountains 

• Obstructions 

The  buffer  is  preceded  by  an  index  block  as  defined  in  table  3-1  for  each 
longitude  strip. 

3.3.8  Terminal  Data 

The  terminal  data  buffer  format  is  defined  in  table  3-10.  This  buffer  is  used  to  store 
GRP  and  obstruction  data  associated  with  each  category  1 airfield.  These  data  will  be  called 
up  for  display  on  the  MFD  map  displaying  the  origin  and  destination  airport  only.  The  data 
stored  in  this  buffer  are  not  repeated  in  the  terrain  buffer  (see  sec.  3.3.7). 

3.3.9  Missed  Approach  Entry  Points 

The  MAP  buffer  stores  the  latitude  and  longitude  of  the  MAP  locations  for  each 
runway  defined  in  the  category  1 airfield  data  (table  3-6).  The  MAP  route  is  stored  in  the 
SID/STAR/MAP  buffer  (table  3-4),  which  points  to  a location  in  the  MAP  entry  point 
buffer  for  the  latitude  and  longitude  of  the  entry  waypoint  for  guidance  and  display  on  the 
MFD  as  defined  in  section  2.4.1. 7.3.6.  See  table  3-11  for  definition  of  MAP  entry  point 
buffer. 

3.3.10  Boundaries 

The  boundary  data  buffer  defines  the  CADIZ,  ADIZ,  and  FIR  boundaries  as  shown  in 
table  3-12.  The  data  are  used  for  MFD  map  display  only. 


3.3.1 1 Latitude  and  Longitude  Oceanic  Grid 

The  latitude  and  longitude  grid  is  required  for  the  MFD  map  display  over  the  oceans  up 
to  the  ADIZ  boundaries  defined  in  section  2.4.  L7. 7.  No  data  buffer  is  required  other  than 
that  contained  in  'he  ADIZ  buffer  (table  3-1 2). 

3.4  ACCESS  TO  BULK  DATA 

Figure  3-1  illustrates  the  fi^.w  of  data  from  bulk  storage  to  the  NCDU,  guidance,  and 
MFD  display  subroutines.  .411  major  data  buffers  are  shown  in  figure  3-1  and  are  further 
defined  in  this  document  as  follows: 

NCDU  Provisional  flight  plan  buffer  (table  6-3 ) 

NCDU  Look-up  mode  data  buffer  (table  6-6) 

Guidance  Data  buffers  (table  5- 1 ) 

NCDU  Origin/destination  data  buffer  (table  64) 

NCDU  Pilot-created  waypoint  data  buffer  (table  6-5) 

As  shown  in  figure  3-1,  both  the  NCDU  and  MFD  subroutines  have  direct  access  to 
bulk  data  memory.  The  MFD  direct  access  is  to  extract  background  data  for  the  geographic 
area  of  the  MFD  map  display.  NCDU  access  is  for  generation  of  flight  plans  from  keyboard 
entry  (in  the  .4TC  CLR  (ATC  clearance)  mode  as  defined  in  section  6.5.2)  and  for  display  of 
bulk  data  in  the  look-up  mode  as  defined  in  section  6.5.6.  The  guidance  subroutine  obtains 
data  from  bulk  storage  via  the  NCDU  subroutine. 

3.4.1  Access  Via  Longitude  Index 

Figure  3-2  illustrates  the  method  of  access  to  the  bulk  data  memory  for  MFD 
background  data  (airports,  GRPs,  navaids,  and  terrain  features).  Based  on  map  center 
coordinates  (LATCEN  and  LONCEN)  and  the  map  scale  selected,  the  MFD  subroutine 
checks  the  index  block  longitude  limits  to  determine  if  data  from  that  longitude  strip  are 
within  the  map  edit  area.  Pointers  locate  the  starting  addresses  within  the  longitude  strip  for 
each  category,  i.e.,  airports.  GRPs,  navaids,  and  terrain.  Depending  on  the  MFD  display 
options  selected  (see  sec.  2.3),  the  MFD  subroutine  extracts  the  data  it  requires  from  each 
longitude  strip  that  overlaps  the  map  edit  area. 

3.4.2  Access  Via  NCDU 

Keys  on  the  NCDU  (see  fig.  6-1)  iiliOW  scicc  tion  of  waypoints  (WPT),  airways  (AWY), 
routes  (RTE),  SIDs,  STARs,  and  runways  (RWY).  Different  coding  allows  selection  of 
airports,  navaids,  or  GRPs  through  the  WPT  key. 

Figure  3-3  illustiates  the  method  of  access  to  the  waypoints  that  comprise  V airways,  J 
airways,  or  routes.  Each  airway  or  route  is  stored  as  a series  of  pointers  to  navaid  and  GRP 
addresses  within  the  memory  that  stores  the  longitude  strip  data. 


no 


Figure  3-4  illustrates  the  access  to  airport-associated  data  including  runways,  SIDs, 
STARs,  MAPs,  and  terminal  area  background  data  for  the  MFD  map  display.  Once  the 
origin  and  destination  have  been  defined  through  the  NCDU  keyboard,  the  airport  data  for 
category  1 airports  (see  table  3-6)  is  extracted  from  the  bulk  data  memory  after  a name 
search.  The  airport  data  block  includes  pointers  to  indices  of  SIDs,  STARs,' and  MAPs 
associated  with  that  airport,  and  a pointer  to  the  terminal  data  block.  Runway  data  are 
stored  directly  after  the  pointers. 


After  the  runway  has  been  selected  on  the  NCDU,  the  runway  data  are  found  by  name 
search  within  the  airport  data  block.  Associated  with  each  runway  is  a pointer  to  the  missed 
approach  path  (MAP)  for  that  runway.  When  a SID  or  STAR  is  entered  through  the  NCDU, 
a name  search  is  made  through  the  SID  and  STAR  indexes  associated  with  the  airport 
previously  selected. 

3.5  BULK  DATA  FORMATTING 

Tliis  section  defines  the  methods  and  procedures  to  be  used  for  the  formatting  of  bulk 
data  for  assembly  into  the  C-4000  and  EAI  8400  computers.  General  rules  are; 

1 .  Each  latitude  and  longitude  has  the  format: 


Cardinal 
point  N,S,E,W 
Degrees,  up 
to  3 digits 


rm 

c ddd  dd  dd.d 


~ - 

r 

Separated  by  blanks 


Seconds,  1 or  2 digits, 
optional  fraction 


Minutes,  1 or  2 
digits 


2.  Each  card  is  divided  into  fields  separated  by  commas. 

3.  For  compatibility  between  IBM  360  character  codes  (EBCDIC)  and  EAI  8400 
codes  (BCD),  a restricted  character  set  should  be  used; 


Letters: 

Digits; 

Others: 


A through  Z 
0 through  9 
(period) 

, (comma) 
(minus  sign) 
/ (slash) 

* (asterisk) 

S (dollar  sign) 
; (semicolon) 


All  other  characters  (in  particular,  + = ()<>[]  :A\f$m-)are 
incompatible  and  would  have  to  be  converted. 


4.  Five  types  of  input  cards  are  available  to  the  formatter: 

• ID  cards  contain  a label  that  is  passed  on  to  the  assembler  in  the  label  field 
of  the  first  data  word  generated.  A fixed  word  on  the  ID  card  (e.g.,  INDEX, 
SID.  NAVAID,  etc.)  informs  the  formatter  what  type  of  data  are  to  follow. 

• Data  cards  generate  DATA  cards  for  the  EAI  8400  or  GEN  cards  for  the 
C-4000  assemblers.  The  source  information  from  the  data  cards  will  be 
placed  in  the  comment  field  of  the  corresponding  generated  assembler  cards. 

• Terminator  cards  contain  a period  in  column  1 to  inform  the  formatter  of 
the  end  of  a particular  class  of  data.  The  formatter  also  generates  the 
appropriate  terminator  card(s)  for  the  data  buffer  being  constructed  at  this 
point. 

• In-line  assembly  cards  contain  a slash  (/)  character  in  column  1 ; this 
character  is  removed  by  the  formatter,  and  the  remainder  is  passed 
unchanged  to  the  output. 

• Comment  cards  contain  * in  column  1 . 


5.  Braces  { } define  optional  items. 

6.  The  entire  package  of  bulk  data  is  terminated  by  a card  with  the  form:  END. 


Names  cannot  contain  embedded  blanks,  commas  or  periods. 

0™n{400o}{2Mio} 

where:  8400  designates  machine  output 


or 

4000 

is  generated  for: 

1 

phase  i listing  of  source  cards 

2 

phase  2 listing  of  output  cards 

10 

Fortran  unit  number  for  output 

3.5.1  Index  Block 

7. 

8. 


The  index  block  is  the  directory  to  the  bulk  data  and  is  preceded  by  an  ID  card  of 
the  form: 


INDEX  label 

The  label  is  passed  to  the  assembler  in  the  label  field  of  the  first  data  word  generated.  The 
bulk  data  are  subdivided  into  strips,  with  each  strip  defined  by  a card  of  the  form: 


longitude  1,  longitude  2,  name  1,  name  2.  name  3,  name  4 


where : 


longitude  1 

= strip 

longitude  2 

- strip 

name  1 

= label 

name  2 

= label 

name  3 

= label 

name  4 

= label 

The  index  block  is  terminated  by  a card  with  a period  in  column  1. 

3.5.2  Airways  and  Routes 

Airway  data  arc  subdivided  into  three  sections;  J airways,  V airways,  and  routes. 

Jet  airways  are  preceded  by  an  ID  card  of  the  form: 

JET  label 

followed  by  data  cards  of  the  form: 

name  1,  name  2, , name  n. 

where: 

name  1 = name  of  airway 

name  2, . . . , name  n = names  of  waypoints,  including  navaids  or  GRPs 

The  names  may  be  spread  over  as  many  cards  as  necessary;  the  period  follows  the  last  name 
of  the  last  card  of  a given  airway.  The  JET  subdivision  is  terminated  by  a terminator  card 
(period  in  column  1 ). 

Victor  airways  are  similarly  defined  by: 

VICTOR  label 

name  1 , name  2, . . . , name  n. 

Airline  company  routes  are  similarly  defined  by: 

ROUTE  label 

name  1 , name  2, . . . , name  n. 

3.5.3  SIDs,  STARS,  and  MAPs 

The  SID  and  STAR  data  for  each  airport  have  index  tables.  A SID  index  table  is 
defined  by; 

SID  label 

name,  name, . . . , name. 
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where  the  names  are  the  names  of  SID  data  blocks. 


A STAR  index  table  is  similarly  defined  by; 

STAR  label 

name,  name name. 

The  SID,  STAR,  and  MAP  data  are  contained  in  a single  buffer  and  each  has  the  same 
form.  Each  begins  with: 

DATA  label 
name  1,  name  2 

where; 

name  1 = name  of  SID,  STAR,  or  MAP 

name  2 = name  of  associated  runway 

Following  the  above  header  cards  are  waypoints,  each  defined  by  a card  of  the  form: 

ffDME  bearing  ) 
name,  altitude,  speed, radius  /tTurn  angle  \ 


IAS 


) 


where : 


name  = waypoint  name 

altitude  = waypoint  altitude  (ft  above  MSL) 

speed  = groundspeed  (kt) 

radius  = radius  of  turn  at  waypoint  (ft) 

bearing  = a heading  angle  (deg) 

turn  angle  = heading  change  to  new  path  leg 

IAS  = change  from  groundspeed  to  IAS  on  approach 


A SID/STAR/MAP  block  is  terminated  by  a terminator  card  following  the  last 
waypoint  in  the  block,  and  the  entire  buffer  is  terminated  by  a second  terminator  card. 

3.5.4  Airfields 

Each  airfield  begins  with  the  ID  card: 

AIRFIELD  label 

Each  airfield  ID  card  is  followed  by  three  data  cards: 


name  1 . lat.  Ion 

length,  azimuth,  niagvar,  elevation,  {name  2} 
freq  1,  freq  2,  freq  3,  freq  4 


i 


where: 


I 


f 


i 


% 


s 


name  1 

- 

airfieid  name 

lat.  Ion 

- 

airfield  reference  point  location 

length 

= 

length  of  prmcipal  runway  (ft) 

azimuth 

heading  of  principal  rmuvay  (deg) 

magx'ar 

= 

magnetic  variation  (deg) 

elevation 

= 

reference  elevation  tft  above  MSL) 

name  2 

= 

name  of  terminal  data  block  (optional -could  be  zero) 

freq  1 

tower  frequency  (MHz) 

freq  2 

= 

clearance  frequency  (MHz) 

freq  3 

= 

ground  rontiol  frequency  (.MHz) 

freq  4 

= 

ATIS  frequency  (.MHz) 

If  runway  data  follow,  an  additional  data  card: 
name  1,  name  2 

contains  the  names  of  SID  and  STAR  index  blocks,  respectively.  If  the  airfield  data  block  is 
to  contain  no  runway  data,  the  abo'.e  frequency  card  is  followed  by  a terminator  card.  If 
runway  data  are  to  follow,  an  ID  card  is  used  for  each  runway: 

RUNWAY  label 

with  data  for  each  runway  as  follows: 
name  1 , name  2 

lat  1 . Ion  1 , name  3,  lat  2.  ion  2 
length,  azimuth,  elevation,  glide  slope,  freq 


where: 


name  1 

= 

runway  idenlifici 

name  2 

= 

MAP  name 

lat  1,  Ion  2 

= 

threshold  location 

name  ,3 

= 

outer  marker  identifier 

lat  2,  Ion  2 

= 

outer  marker  location 

length 

= 

ninway  effective  length  (ft) 

azimuth 

= 

magnetic  heading  of  runway  (deg) 

elevation 

= 

ninway  threshold  elevation  (ft  above  MSL) 

glide  slope 

= 

nominal  glide  slope  angle  (deg) 

freq 

= 

ILS  frequency  (MHz) 

Each  runway  data  block  and  each  airfield  data  block  has  a terminator.  The  airfield 
f;  buffer  also  has  a terminator. 

yj 


9 
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3.5.5  Geographic  Reference  Points 


Tlie  GRP  table  begins  with  the  ID  card; 
GRP  label 

and  each  GRP  is  defined  by  a data  card; 

name  1 lal,  Ion.  name  2 
( N) 

where: 

name  1 = GRP  name 

C = compulsory 

N = noncompulsory 

lat,  Ion  = GRP  location 

name  2 = a navaid  name 

The  buffer  is  terminated  with  a terminator  card. 

3.5.6  Navaids 

The  navaid  table  begins  with  the  ID  card: 
NAVAID  label 

and  each  navaid  is  defined  by  a data  card; 


where : 


freq,  lat.  Ion,  mag\’ar,  elevation 


name 

options: 

H 

L 

V 

T 

0 

C 

N 

freq 
lat,  Ion 
magvar 
elevation 


navaid  name 

high 

low 

VOR 

VORTAC 

nondirectional  beacon 

compulsory 

noncompulsory 

navaid  frequency  (MHz) 

navaid  location 

magnetic  variation  (deg) 

navaid  elevation  (ft  above  MSL) 


The  buffer  is  terminated  with  a terminator  card. 
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3.5.7  Terrain 


I 


f 

t 


-1 


I 


I 


I 


The  terrain  buffer,  containing  mountain  and  obstruction  data,-  begins  with  the  ID  card: 
MOBS  label 


and  each  terrain  feature  is  defined  by  a data  card. 

name,  |q latitude,  longitude 


where : 


name 

M 

O 

lat,  Ion 


altitude  of  the  mountain  or  obstruction  (ft  above  MSL) 

mountain 

obstruction 

location  of  mountain  or  obstruction 


The  buffer  is  terminated  with  a terminator  card. 


3.5.8  Terminal  Data 

To  avoid  MFD  clutter  due  to  symbol  density,  certain  symbols  are  drawn  in  a 
geographic  area  only  when  the  area  is  an  origin  or  destination  terminal  area.  These  items  are 
contained  in  a terminal  data  block. 


A terminal  data  block  begins  with  the  ID  card; 
TERM  label 


and  each  item  is  defined  by  a data  card: 


name,. 


, latitude,  longitude 


where: 


name 
GRP 
MOB 
lat,  Ion 


name  of  GRP  or  MOB 
type  of  item 
type  of  item 
location  of  item 


The  terminal  data  block  is  terminated  with  a period  in  column  1 . 
3.5.9  Missed  Approach  Points 

The  MAP  buffer  begins  with  the  ID  card: 

MAP  label 


HI 


and  is  followed  by  a data  card  for  each  point: 
name,,  latitude,  longitude 

where; 

name  = a label  for  each  point 
lat,  Ion  = location  of  each  point 

The  buffer  is  terminated  with  a terminator  card. 

3.5.10  Boundaries 

An  index  block  for  each  category  of  data  is  begun  with  an  ID  card  with  one  of  three 
forms; 

CADIZ  label 
ADIZ  label 
FIR  label 

Following  an  index  block  ID  card  are  any  number  of  box  definition  cards  with  the  form: 
lat  1,  lat  2,  Ion  1 , Ion  2,  name 

where: 


lat  1 

= north  boundary 

lat  2 

= south  boundary 

Ion  1 

= west  boundary 

Ion  2 

= east  boundary 

name 

= label  of  a POINT 

Each  index  block  is  terminated  by  a terminator  card.  Each  box  definition  refers  to  a 
POINT  buffer  that  is  headed  by  an  ID  card  with  the  form: 

POINT  label 

The  buffer  contains  points  of  the  form 
latitude,  longitude 


Each  buffer  is  terminated  by  a terminator  card. 


3.6  BULK  DAT.A  FOR  THE  NORTHWEST  U.S. 


Data  in  the  tbllowing  categorie.s  will  be  stored  in  NCU  memory  bank  4 (locations 
60,000  to  77,777  octal).  In  general,  the  data  in  eaeh  category  are  arranged  in  2° longitude 
strips,  tabulated  in  order  of  decreasing  latitude. 

Airways-low  altitude 

Airways-high  altitude 

Company  routes 

SIDs 

STARS 

MAPs 

Airfields-category  2 

.Airfields-category  1 

GRPs 

Navaids 

Mountains 

Obstructions 

ADIZ  and  FIR  boundaries 


The  contents  of  the  above  memory  block  are  tabulated  "i  the  NCU  program  listing. 


TABLE  3- 1. -INDEX  BLOCK  FOR  LONGITUDE  STRIPS 


West  boundary  longitude 
East  boundary  longitude 
Pointer  to  airfields 
Poir>t&r  to  GRPs 
Pointer  to  navaids 

Pointer  to  terrain 

West  boundary  longitude 
East  boundary  longitude 
Pointer  to  airfields 
Pointer  to  GRPs 
Pointer  to  navaids 
Pointer  to  terrain 


West  boundary  longitude 
East  bcundaiy  longitude 
Pointer  to  oilfields 

Pointei  to  GRPs 

Pointer  to  navaids 
Pointer  to  terrain 
Terminator  (0) 


°/180  BO 
°/180  BO 


1st  strip 


°/180  BQ 
°/180  BO 


2nd  strip 


°/180  BO 
'"/1 80  30 


Last  strip 


Buffer  terminator 


Note:  The  first  strip  is  geogiaphically  the  westernmost  strip. 
^Pointer  = 0 if  no  data  in  the  strip 


“There  will  be  no  zero  longitude 
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characters 


end  of  buffer. 


I 


t 


TABLE  3-3.-SID  AND  STAR  INDEX  BLOCKS  FOR  EACH  AIRPORT 


SID  Index  Table 


STAR  Index  Table 

Pointer  to  STAR  name 
Pointer  to  STAR  name 
Pointer  to  STAR  name 


Etc. 

I 


P^'inter  to  SIO  name 
Pointer  to  SID  name 
Pointer  to  SID  name 
Pointer  to  SID  name 
Pointer  to  SID  name 


Etc. 


Terminator  = 0 


Terminator  = 0 


re 


re 


m 


m 


(a) 

(b) 


(c) 


TABLE  3-4.-SI  D/STAR /MAP  DA  TA  BUFFER 


24 


(d) 


Name 

' 

Name 

Pointer  to  name  in  next  data  block 

Pointer  to  runway 

Pointer  to  1st  waypoint  this  SID 

Altitude  to  1st  waypoint 

ft  B23 

Speed  to  1st  waypoint 

knots  B 1 5 

Radius  of  turn  1st  waypoint 

ft  B23 

Bearing 

“/360  BO 

Pointer  to  2nd  waypoint 

°/180  BO 

Altitude 

Speed 

knots  B15 

Radius  of  turn 

ft  B23 

Bearing 

‘'/360  BO 

Pointer  to  3rd  waypoint 

1 

1 

1 

1 

1 

t 

Terminator  = 0 

Name 

Name 

Pointer  to  name  in  next  data  block 

Pointer  to  runway 

Pointer  to  1st  waypoin 

: this  SID/STAR 

Terminator  = 0 

Terminator  = 0 

ASCII  format 


1st 

SID  or  STAR 


End  of  1st  SID 


Last 

SID  or  STAR 


End  of  last  SID 


^Negative  altitude  indicates  this  group  defines  the  entry  of  an  arc  path  segment. 

^Negative  speed  indicates  that  IAS  REF  from  IMCDU  should  be  used  for  display. 

^Bearing  of  entry  point  from  the  reference  point  for  an  arc  path  segment;  a second  group  defines 
the  exit  point 

*^Two  consecutive  zero  terminators  indicates  end  of  buffer. 
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TABLE 3-5.-AIRFIELD  BUFFER-CATEGORY 2 AIRFIELDS 


24 

1 

Name 

Name 

Latitude  reference  point 

°/180  BO 

Longitude  reference  point 

°/180  BO 

Pointer  to  name  in  next  data  block 

Length  of  longest  runway 

ft  B23 

Azimuth  of  longest  runway  (true) 

°/180  BO 

Magvar 

°/180  BO 

Elevation  of  reference  point 

ft  B23 

Pointer  to  terminal  data 

Frequency— tower 

Frequency-clearance 

Frequency-ground  control 

Frequency— AXIS 

Terminator  = 0 

1 

Terminator  = 0 

Terminator  = 0 

ASCII  character 
format;  7-bit  characters 


2/5  code 
C-4000  format 
Bits  9-24 


®There  are  no  runways  associated  with  the  airfield  symbol  so  the  terminator  = 0. 
^wo  consecutive  zero  terminators  indicates  end  of  buffer. 


TABLE  3-6 -AIRFIELD  BUFFER-CATEGORY  1 AIRFIELDS  (WITH  RUNWAY  DATA) 


(a) 


(b) 


24  1 


Name 

Name 

. 

Latitude  reference  point 

“/ISO  BO 

Longitude  reference  point 

°/180  BO 

Pointer  to  name  in  next  data  block 

Length  of  longest  runway 

ft  B23 

Azimuth  of  longest  runway  (true) 

“/ISO  BO 

Magvar 

“/ISO  BO 

Elevation  of  reference  point 

ft  B23 

Pointer  to  terminal  data 

Frequency— tower 

Frequency-clearance 

Frequency-ground  control 

Frequency-ATIS 

SID  index  pointer 

STAR  index  pointer 

Name 

of 

runway 

Pointer  to  missed  approach 

Latitude  threshold 

“/ISO  BO 

Longitude  threshold 

“/ISO  BO 

Name 

Name 

Latitude  outer  marker 

“/ISO  BO 

Longitude  outer  marker 

“/ISO  BO 

Length 

ft  B23 

Azimuth 

“/ISO  BO 

Altitude 

ft  B23 

Glide  slope  angle 

“/ISO  BO 

Frequency— ILS 

X 

Etc. 

1 

1 

1 

1 

Terminator  = 0 

Terminator  = 0 


ASCII  character 
format 


East  positive 


2/5  code 
C-4000  format 
Bits  9-24 


ASCII  characters 


Outer  marker 


1st 

runway 


2/5  code,  bits  9-24 
2nd 

runway 


^Following  frequency  AXIS,  test  next  word  for  terminator  = 0.  If  no  zero  is  detected,  expect  SID 
and  STAR  index  and  runway  data  to  follow. 

^wo  consecutive  zero  terminators  indicates  end  of  buffer. 
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TABLE  3-8 -N A VAIDS  BUFFER 
4 3 2 1 


1 nxf  Name 


Frequency  (2/5  code)  9 


Etc. 

I 

I 

I 

(b)  Terminator  = 0 


®Bit  4: 

1 = high 

0 = low 

Bits  2 and  3: 
0=  VOR 

1 = VORTAC 

2 = NDB 


ASCII  characters 


Latitude 

°/180 

BO 

Longitude 

°/180 

BO 

Magyar 

°/180 

BO 

Elevation 

ft 

B23 

East  positive 


*^erminator  = 0 for  end  of  buffer 


O’  CL  to 


TABLE  3-9.-TERRAIN  BUFFER 


24 


(a) 


(a) 


0 

X 

Altitude 
(10  thousands) 

Altitude 

(thousands) 

0 

0 

0 

Xxcr 

ASCII 

format 

Latitude 

Longitude 

1 

X 

Altitude 

(thousands) 

Altitude 

(hundreds) 

Altitude 

(tens) 

Altitude 

(units) 

ASCII 

format 

Latitude 

1 

Longitude 

Terminator  = 0 

(b) 


24: 

0 = mountains 

1 = obstruction 


U 

'terminator  = 0 for  end  of  buffer 


TABLE 3-10.-TERMINAL  DATA  BUFFER 


24 


(a) 


(a) 


(b) 


ea 

Name 

Name 

Name 

Name 

Latitude— GRP  or  obstruction  or  VORTAC  °/180 

BO 

Longitude— GRP  or  obstruction  or  VORTAC  °/180 

BO 

& 

Latitude 

°/180  BO 

Longitude 

°/180  BO 

Terminator  = 0 

ASCII 

format 


1st 

data 

block 


ASCII  T 
format  I 
2nd 
data 
block 

_L 


Terminator 


^Bit  24; 

0=  GRP 
1 = obstruction 

terminator  = 0 for  end  of  buffer 
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TABLE  3- 1 1.-MAP  ENTR  Y POINT  BUFFER 


§ 

1 

1 

Blank 

Blank 

Blank 

1 

1 

1 

Blank 

Blank 

I'lank 

Latitude  of  MAP  entry  point  1 

°/180 

BO 

Longitude  of  MaP  entry  point  1 

°/180 

BO 

0 

Blank 

Blank 

Blank 

Blank 

Blank 

Blank 

Latitude  of  MAP  entry  point  2 

o 

00 

o 

BO 

Longitude  of  MAP  entry  point  2 

°/180 

BO 

Terminator  = 0 

^Entry  via  pointer  from  table  3-4 
^Terminator  = 0 for  end  of  buffer 
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FIGURE  3-1.-BULK  DATA  FLOW 


West  boundary  longitude 


FIGURE  3-2. -BULK  DATA  ACCESS  VIA  LONGITUDE  INDEX 


STAR  name 


FIGURE  3-4.-BULK  DA  TA  ACCESS  VIA  AIRPORT 


4.0  EADI  REQUIREMENTS 


4.1  GENERAL 

The  E.ADI  is  a replacement  for  the  conventional  ADI  as  the  most  primary  display  for 
the  pilot.  The  EADI  provides  a head-down  CRT  type  of  display  for  vehicle  attitude,  vertical 
situation,  flight  director  commands,  energy  management  information,  and  navigation  and 
control  information  based  on  signals  received  from  navigation  computer  and  sensor  systems. 
The  information  displayed  includes: 

Pitch  attitude 
Roll  angle 
Angle  of  attack 
TV  imagery 
Velocity  vector 

Flightpath  angle 
Drift  angle 
Pitch  reference  line 
Altitude 

Altitude  reference 
Speed  error 
Flightpath  acceleration 
Flight  director  commands 
Vertical  guidance 
Horizontal  guidance 
Acceleration  command 

The  EADI  has  a viewable  area  6.68  in.  wide  and  4.88  in.  high.  Data  presented  on  the 
display  consists  of  two  types:  raster-generated  symbology  and  stroke-generated  symbology.. 
Raster  symbology  is  positioned  on  the  screen  scaled  at  65  elements/in.  horizontally  and  87 
elements/in.  vertically.  Stroke  symbology  is  scaled  at  146  bits/in.  The  display  is  refreshed  50 
times/sec  and  dynamic  data  are  updated  20  times/sec  to  give  a flicker-free  display 
presentation. 

The  EADI  display  formats  are  generated  from  data  inputs  from  multiple  sources,  as 
shown  in  the  ADEDS  interface  block  diagram  (fig.  1-1).  Data  inputs  in  the  form  of  digital 
data  from  the  NCU  (navigation  computer  unit)  and  analog  data  from  the  airplane  sensor 
system  are  processed  in  the  PCU  (program  control  unit)  and  transmitted  to  the  HSG  (hybrid 
symbol  generator),  which  in  turn  drives  the  EADI  display.  The  forward-looking  TV  is 
interfaced  directly  with  the  HSG.  Details  of  the  interface  pertinent  to  the  PCU  and  NCU 
software  requirements  are  specified  in  section  4.2. 

The  data  presented  on  the  display  vary  as  a function  of  mode  and  symbology  option 
selected  on  the  EADI  mode  control  unit.  Figure  4-1  shows  the  symbology  available  for 
display  in  the  cruise  mode,  and  figure  4-2  shows  the  symbology  available  for  display  in  the 
land  mode.  Not  all  of  this  information  is  displayed  simultaneously;  some  of  it  is  pilot 
selectable  ON  or  OFF  as  defined  in  section  4.3. 


4.2  INTERFACE  FOR  THE  EADI 


4.2.1  Analog  Inputs 

The  analog  inputs  defined  in  table  4-1  will  be  accepted  by  the  PCU  and  converted  into 
digital  formats  to  position  the  symbology  described  in  section  4.4. 

4.2.2  NCU/PCU  Interface  for  the  EADI 

4.2.2. 1 Electrical  Interface 

One  of  the  three  split-phase  bipolar  (SPBP)  100-kHz  clock  data  buses  from  the  NCU  to 
PCU  is  dedicated  to  EADI  functions  and  henceforth  in  this  document  is  referred  to  as  the 
EADI  bus.  In  addition,  the  SPBP  100-kHz  PCU/NCU  bus  (see  sec.  2.2.1)  is  used  to  transmit 
modes  and  symbology  options  selected  on  the  EADI  mode  control  unit. 

The  NCU  will  transmit  64  words  of  data  20  times/sec  over  the  EADI  bus  as  defined  in 
table  4-2.  The  PCU  will  transmit  three  words  of  data  to  the  NCU  upon  change  of  status  and 
two  words  to  the  EADI  mode  control  panel.  Transmission  will  be  at  the  rate  of  5 times/sec 
over  the  PCU/NCU  bus  as  defined  in  table  2-4. 

4.2.2. 2 EADI  Bus  Word  Formats 

The  data  transmitted  over  the  EADI  bus  are  shown  in  table  4-2.  They  consist  of  two 
types;  general-function  data,  which  are  recognized  by  eight-bit  label  coding,  and  table  data, 
which  are  preceded  by  an  I&R  control  word.  General-function  word  formats  are  defined  in 
figure  4-3.  Table  data  word  formats  are  identical  to  those  given  in  figure  2-1  (control 
words),  figure  2-2  (symbol  words),  and  figure  2-3  (vector  words). 

The  NCU  will  assemble  and  transmit  the  EADI  bus  data  in  accordance  with  the  EADI 
control  word  defined  in  section  4.2. 2.3.  Each  label-coded  general  function  will  have  the 
designation  matrix  (DM)  set  to  invalid  if  that  function  is  selected  OFF  or  if  the  input  data 
used  to  generate  that  function  are  detected  as  invalid  by  the  NCU.  When  table  symbology  is 
selected  OFF  in  the  EADI  mode  word,  the  data  defining  that  symbology  are  deleted  from 
the  table  data  transmitted.  The  E.ADI  mode  word  received  from  the  PCU  is  transmitted  back 
to  the  PCU,  with  label  01001001  in  the  EADI  bus  transmission. 

4.2.2.3  PCU/NCU-EADI  Mode  Word  Format 

The  transmission  order  for  the  PCU/NCU  bus  is  defined  in  table  2-4.  As  shown,  the 
first  word  with  label  code  00000000  is  the  EADI  mode  control  word.  The  definition  of  the 
EADI  mode  control  word  is  shown  in  figure  4-4. 

The  NCU  will  adjust  the  data  transmitted  over  the  EADI  bus  in  accordance  with  each 
EADI  mode  word  received  that  has  valid  parity,  except  for  the  test  mode,  which  will  be 
ignored  by  the  NCU.  The  NCU  will  continue  to  send  data  corresponding  to  the  previous 
EADI  mode  word  received. 
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4.2. 2.4  Interface  Failure  Protection 


Both  the  NCU  and  the  PCU  will  transmit  all  words  with  odd  parity  and  will  check  for 
odd  parity  in  each  word  received. 

The  NCU  will  not  act  on  any  EADl  mode  word  received  that  has  bad  parity. 

The  PCU  will  check  parity  of  the  data  received  over  the  EADI  bus.  If  a parity  error  is 
detected  in  any  of  the  first  nine  label-coded  words,  the  data  in  that  word  will  not  be  used.  If 
a parity  error  is  detected  in  the  I&R  control  word  with  label  01001001  or  any  subsequent 
table  data,  the  whole  table  will  be  discarded.  If  a parity  error  obscures  the  first  label 
01000000,  the  PCU  will  not  accept  any  EADI  data  until  a label  01000000  is  detected.  In  all 
cases,  the  previous  good  data  received  will  be  used  to  generate  symbology.  After  20 
successive  EADI  data  blocks  with  one  or  more  bad  parity  checks,  bit  30  (Pj)  of  the  EADI 
mode  word  will  be  set  to  1 and  maintained  at  1 until  20  successive  EADI  data  blocks  have 
been  received  with  no  parity  errors. 

The  NCU  will  respond  to  EADI  bus  parity  failure  by  annunciation  of  the  NCDU  as 
defined  in  section  6.0.  This  mechanization  is  desirable  initially  for  troubleshooting.  Later  in 
the  program,  it  will  be  desirable  to  modify  the  display  system  software  to  cause  the  EADI 
display  symbology  generated  from  digital  data  to  blank  out  if  no  parity  error-free  data  are 
received  over  the  EADI  bus  for  a defined  period  of  time. 

The  NCU  will  set  the  DM  to  invalid  in  general-function  words  whenever  the  EADI 
display  option  demands  it,  as  defined  in  section  4.2. 2.3,  or  whenever  the  input  data  to  the 
NCU  used  to  generate  the  display  data  are  invalid.  The  NCU  v/ill  determine  validity  by 
checking  the  sensor  valid  flag  and  checking  the  input  data  for  reasonableness. 

The  PCU  will  check  all  digital  data  received  on  the  EADI  bus  for  valid  DM  and  will 
monitor  the  valid  flags  of  all  direct  analog  inputs.  Any  data  detected  as  invalid  (DM  = 1 1 or 
low  valid  discrete)  by  the  PCU  will  blank  the  associated  symbology  except  the  roll  and  pitch 
input  from  the  INS.  When  the  INS  flag  is  detected  as  invalid,  roll  and  pitch  data  will 
continue  to  be  used  but  a diagonal  cross  will  be  drawn  across  the  display,  as  shown  in 
figure  4-5. 

4.2. 2.5  Interface  Timing 

The  timing  of  the  EADI  bus  data  transmission  is  identical  to  that  defined  in  section 
2.2.4  and  shown  in  figure  2-6. 

4.3  EADI  MODE  CONTROL 

EADI  mode  and  symbology  shall  be  selected  with  the  EADI  mode  control  unit  (MCU) 
shown  in  figure  4-6.  Data  displayed  on  the  EADI  will  also  be  controlled  through  the 
navigation  control  display  unit  (NCDU)  as  specified  in  section  6.0,  through  the  system 
control  unit  (SCU)  as  specified  below,  and  through  the  MFD  mode  control  unit  as  specified 
in  table  2-5.  The  mode  and  symbology  selections  defined  in  table  4-3  are  encoded  in  the 
PCU  and  transmitted  to  the  NCU  via  the  PCU/NCU  bus.  The  mode  word  encoding  is  defined 
in  figure  4-4. 


The  NCU  will  iiucrpict  llic  KADI  mode  word,  process  the  data  necessary  tor  the 
particular  mode  and  symbology  options  selected,  and  transmit  the  data  to  the  PCU  over  the 
L'ADl  bus  as  defined  in  section  4.2.  The  NCU  shall  ignore  the  TV  code  since  that  function  is 
contained  entirely  within  the  display  system. 

The  NCU  will  transmit  an  invalid  code  in  the  designation  matrix  of  all  symbology, 
except  TV,,  whieh  is  selected  OFF.  TV  will  be  deleted  by  an  inhibit  function  within  the 
display  system. 

The  display  system  shall  respond  directly  to  the  selection  of  the  test  mode  and  draw 
the  predefined  test  pattern  on  the  EADI  display,,  overriding  the  data  transmitted  from  the 
NCU.  (The  format  for  this  EADI  test  pattern  is  shown  in  fig.  4-16.)  The  delay  between 
change  of  moile  or  symbology  selection  on  the  EADI  mode  panel  and  the'  appearance  of  the 
corresponding  EADI  display  format  shall  not  exceed  2 sec. 

When  the  SCU  is  connected  to  the  display  system,  the  PCU  will  have  the  additional 
capability  to  ON/OFF  control  any  symbology  defined  as  general-function  label-coded  data. 
This  control  is  independent  of  the  NCU.  The  symbology  controlled  by  the  SCU  valid/erase 
switches  is  defined  in  section  4.7. 

4.4  EADI  SYMBOLOGY 

4.4.1  General 

The  EADI  will  have  two  basic  modes,  cruise  and  land,  as  shown  in  figures  4-1  and  4-2. 
Within  each  of  these  modes,  the  pilot  will  have  the  option  of  selecting  various  symbology 
combinations,  as  described  in  section  4.3. 

The  PCU  will  transmit  the  EADI  mode  control  word  to  the  NCU  upon  change  of  status 
and  will  generate  the  display  in  accordance  with  the  data  and  control  instructions  received 
from  the  NCU  over  the  EADI  data  bus,  as  well  as  fr.>m  direct  analog  data  to  the  PCU.  The 
data  received  from  the  NCU  fall  into  two  general  categories:  1)  table  data,  consisting  of 
symbol,  vector,  and  control  word  groups  (see  figs.  2-1,  -2,  and  -3),  and  2)  general-function 
data  identified  by  label  (see  fig.  4-3). 

Tlie  display  system  (DS)  generates  the  symbology  for  category  1 directly  in  accordance 
with  the  instmetions  contained  m the  word  formats.  The  PCU  processes  category  2 data, 
which  are  generally  in  the  form  of  parameter  value  data,  and  generates  appropriate 
symbology  in  accordance  with  the  PCU  stored  program.  Analog  inputs  are  converted  to 
digital  form  in  the  PCU  and  processed  as  general-function  data  (category  2). 

The  computation  rates  required  for  data  computed  in  the  NCU  and  PCU  are 
summarized  in  table  4-4.  Tlie  NCU  will  monitor  the  symbology  option,  bits  17  through  23, 
in  the  EADI  mode  word  (fig.  4-4)  to  determine  what  symbology  data  to  compute  and 
transmit  to  the  PCU.  The  PCU  will  bias  the  data  received  from  the  NCU  to  the  appropriate 
reference  point  (0,0)  as  shown  in  figure  4-7,  and  will  pitch  and  roll  the  data  about  that 
point. 


The  EADI  symbology,  repertoire  shall  consist  of  all  symbols  and  vectors  defined  for  the 
MFD  plus  the  symbology  given  in  table  4-5.  The  polarity  of  each  EADI  symbol  is  defined  in 
figure  4-8.  The  nomenclature  used  to  define  the  required  computations  is  shown  in 
table  4-6. 

4.4.2  Reference  Airplane 

The  reference  airplane  symbol  is  shown  in  table  2-5.  As  specified  in  figure  4-7,  two 
preprogrammed  locations  for  the  reference  airplane  symbol  shall  be  provided: 

• Screen  center 

• 1.2  in.  (104  elements)  above  screen  center  (upper  position) 

The  reference  airplane  symbol  itself  shall  maintain  a fixed  horizontal  orientation-it  shall 
not  roll.  However,  the  reference  point  of  the  airplane  symbol  shall  be  the  center  of  rotation 
for  all  rolled  symbology  except  the  roll  pointer.  Symbology  will  be  positioned  relative  to 
this  reference  point  with  or  without  an  offset  bias,  A6,  added.  Initially,  A6  will  be  zero 
(A0  = PITCHB). 

Aircraft  pitch  attitude  shall  be  indicated  by  the  location  of  the  reference  airplane 
symbol  relative  to  the  pitch  attitude  scale  when  no  A6  is  added.  If  offset  bias  is  added,  the 
airplane  pitch  attitude  6 will  be  displaced  appropriately. 

The  airplane  symbol  position  shall  be  generated  within  the  DS  as  a function  of  the 
mode  selected.  The  upper  position  will  be  used  initially  for  both  modes.  The  screen  center 
position  will  be  selectable  through  keyboard  entries  on  the  SCU  to  modify  the  PCU 
software. 

No  data  are  required  from  the  NCU  for  generating  or  positioning  this  symbol. 

The  airplane  symbol  shall  be  raster  generated  as  specified  in  table  4-5.  The  symbol  shall 
be  shaded  white  (11111)  and  have  priority  level  1. 

The  center  square  of  the  reference  airplane  symbol  shall  be  mechanized  to  flash  from 
white  (lllll)  to  black  (00000)  at  approximately  1-sec  intervals  (0.5  sec  white,  0.5  sec 
black)  whenever  the  indicated  radio  altitude  is  below  the  radio  altitude  reference  heiglit  set 
on  the  control  panel.  This  function  shall  be  totally  mechanized  within  the  display  system. 

4.4.3  Artificial  Horizon 

The  artificial  horizon  symbol  shall  be  in  the  form  of  sky/ground  shading  across  the  full 
width  of  the  display,  with  a sharp  boundary  delineated  by  a double,  solid  stroke-written 
line.  The  horizon  symbol  sha''  pitch  about  the  airplane  symbol  as  a function  of 


where 


d = pitcli  input 

Ad  = otTset  bins  defined  in  section  4.4.2 

Tlie  horizon  symbol  will  roll  about  the  airplane  symbol  ret'erence  point  in  response  to  ro.i 
inputs. 

The  PCU  shall  add  the  bias  (AO),  when  applicable  as  defined  above,  to  the  pitch  signal 
(0)  received  I'rom  the  INS.  scale  the  pitch  and  roll  data;  and  then  position  the  artificial 
horizon  accordingly.  Tlie  PCU  shall  limit  movement  of  the  artificial  horizon  in  pitch  to 
within  0.60  in.  of  the  edge  of  the  display  for  all  roll  angles. 

The  sky  shading  shall  be  raster  generated  and  shaded  very  light  gray  (101),  with  a 
priority  level  of  36.  Ground  shading  shall  also  be  raster  generated;  shading  shall  be  gray  (01) 
and  the  priority  level  will  be  37. 

A double,  solid  stroke-written  line,  vector  code  1 101000.  with  line  intensity  (ly)  set  to 
10  shall  be  used  to  delineate  the  horizon. 

No  data  are  required  from  the  NCU  for  generating  or  positioning  this  symbology. 

4.4.4  Pitch  Attitude  Scale 

The  pitch  attitude  scale  shall  be  in  the  form  of  stroke-written  lines  across  the  entire 
width  of  the  display  at  increments  of  10°  to  ±90°,  and  intermediate  lines  0.50  in.  long  at  2° 
increments  between  ±30°.  as  specified  in  table  4-5.  The  2°  increments  shall  be  arranged  in 
two  columns  symmetrically  located  about  the  vertical  centerline  of  the  display. 

Solid  stroke-written  lines,  vector  code  1 100000,  with  line  intensity  (ly)  set  to  10  shall 
be  used  to  generate  the  10°  pitch  lines.  Solid  stroke-written  lines  shall  also  be  used  to 
generate  the  2°  pitch  line;  however,  ly  shall  be  set  to  01 . 

Tlie  10°  lines,  except  for  the  0°  pitch  line,  shall  be  annotated  with  two-digit  numerics 
0.233  in.  high  (SS  = 01).  with  symbol  intensity  (Ig)  set  to  10.  The  10°  lines  shall  extend 
across  the  full  width  of  the  display,  even  when  in  a rolled  orientation. 

Tlie  tape  generator  routine  mechanized  within  the  display  system  shall  be  used  to 
generate  the  pitch  attitude  scale.  The  pitch  tape  shall  be  scaled  at  0.17  in. /deg. 
Variable-pitch  scale  sensitivity  from  0.04  to  0.32  in. /deg  shall  be  provided;  provisions  for 
dual-mode  pitch  sensitivity  operation,  i.e,,  pitch  sensitivity  programmed  as  a function  of  the 
EADI  mode,  shall  also  be  made  Although  these  provisions  will  not  be  mechanized  initially, 
they  will  be  possible  througli  PCU  software  modification. 

The  PCU  shall  use  pitch  attitude  (0  + AO)  to  translate  the  scale  vertically  and  roll 
attitude  (0)  to  rotate  the  scale.  Translation  and  rotation  shall  both  occur  about  the 
reference  airplane  symbol’s  location. 


No  data  are  required  from  the  NCU  for  generating  or  positioning  this  symbology. 

4.4.5  Pitch  Reference  Line 

The  pitch  reference  symbol  shall  consist  of  a dashed  line  drawn  across  the  entire  v.'idth 
of  the  display  except  for  a 0.5-in.  gap  that  coincides  laterally  with  the  gap  in  the  flightpath 
angle  symbol  specified  in  table  4-5.  Note  that  this  requires  the  gap  to  move  laterally  as  a 
function  of  drift  angle. 

A long,  dashed,  double  stroke-written  line,  modulated  as  vector  code  1101 100,  with 
line  intensity  (ly)  set  to  10  shall  be  used  for  this  symbol.  The  symbol  shall  be  drawn  as 
follows; 

• From  screen  center  drift  angle  + 0.25  in.  to  the  right 

• From  screen  center  + drift  angle  - 0.25  in.  to  the  left 

The  pitch  reference  line  shall  pitch  and  roll  about  the  reference  airplane  symbol  in  response 
to  the  two  attitude  inputs  in  the  same  manner  as  the  pitch  scale. 

The  symbol  shall  be  positioned  relative  to  the  horizon  by  either  the  NCU  (automatic) 
or  a pilot-selected  control  knob  on  the  EADI  mode  control  unit  (manual).  Whether  the 
reference  line  is  automatically  or  manually  positioned  shall  be  a function  of  a switch  on  the 
EADI  mode  control  unit.  The  A/M  bit  (bit  13)  in  the  E.ADl  mode  word  shall  be  set  to  0 for 
the  manual  mode  and  to  1 for  the  automatic  mode. 

4.4.5. 1 Manual  Mode  (MAN) 

In  the  manual  mode,  the  position  of  the  line  shall  be  controlled  entirely  within  the 
display  system.  The  PCU  shall  scale  the  output  of  the  pitch  reference  potentiometer  on  the 
EADI  mode  cont  '>1  unit,  generate  the  symbol,  position  it  accordingly,  and  backdrive  the 
LED  pitch  reference  readout. 

The  NCU  shall  set  the  DM  in  word  label  0100001 1 to  invalid  (11)  when  the  MAN  code 
is  detected  in  the  EADI  mode  word  (see  fig.  4-4). 

4.4.5. 2 Automatic  Mode  (AUTO) 

In  the  automatic  mode,  the  NCU  shall  compute  20  times/sec  and  transmit  to  the  PCU 
the  unsealed  position  of  the  line  on  label  0100001 1,  as  specified  in  figure  4-3.  When  the  flag 
PSTFPA  or  FPASEL  is  set,  the  NCU  will  use  the  function  HLDFPA  for  transmission  to  the 
PCU  with  label  01000011.  When  PSTFPA  and  FPASEL  are  not  set,  the  NCU  will  set  the 
designation  matrix  to  invalid. 

The  PCU  shall  scale  the  output,  position  the  line  relative  to  the  horizon,  and  backdrive 
the  LED  pitch  reference  readout  accordingly. 


4.4.6  Roll  Pointer  and  Scale 


Airplane  roll  attitude  shall  be  indicated  by  a pointer  referenced  to  a series  of  10°  bank 
angle  indices.  The  roll  pointer  shall  be  a stroke-written  rectangular  symbol,  as  shown  in  table 
4-5,  that  rotates  about  the  center  of  the  screen,  regardless  of  location  of  the  reference 
airplane  symbol,  in  response  to  roll  inputs.  The  roll  pointer  symbol’s  intensity  (Ig)  shall 
be  11. 


The  bank  angle  graduations  shall  be  raster  generated,,  with  indices  of  0°,  ±10®,  ±20°, 
±30°,  and  ±45°  as  specified  in  table  4-5.  These  indices  shall  be  shaded  black  (00000)  and 
have  priority  levels  0000 1 througli  01001. 

No  data  are  required  from  the  NCIJ  for  generating  or  positioning  this  symbol. 

4.4.7  Flightpath  Angle 

Flightpath  angle  shall  be  displayed  in  the  form  of  two  stroke-written,  wedge-shaped 
symbols  located  symmetrically  about  a vertical  line  through  the  center  of  the  reference 
airplane  symbol  (see  table  4-5).  The  flightpath  angle  symbol’s  intensity  (Ig)  shall  be  1 1. 

The  flightpath  angle  symbol  shall  be  mechanized  to  remain  parallel  to  the  artificial 
horizon  during  aircraft  attitude  changes.  It  shall  be  displaced  at  right  angles  to  the  horizon 
as  a function  of  the  airplane’s  flightpath  angle  and  laterally  parallel  to  the  horizon  line  as  a 
function  of  the  airplane’s  drift  angle,  with  the  same  angular  scale  factor  as  in  pitch. 

The  NCU  shall  compute  flightpath  angle  20  times/sec  and  drift  angle  5 times/sec  as 
specified  below: 


FPA  = f, 


/HD0T\  f513\  , 

V VGS  Also/ 

DA  = TK  - HDG  (deg) 

where  fj  is  a filter  that  will  initially  be  set  to  unity. 

The  NCU  shall  then  transmit  the  flightpath  angle  data  to  the  PCU  on  label  01000000 
and  drift  angle  on  label  01000010,  as  specified  in  figure  4-3,  at  a rate  of  20  times/sec. 

The  DS  shall  scale  the  data  received  from  the  NCU,  and  generate  and  position  the 
symbol  relative  to  the  horizon. 

4.4.8  Flightpath  Acceleration 

Fliglitpath  acceleration  shall  be  displayed  in  the  form  of  a stroke-written  rectangle 
located  immediately  to  the  left  of  the  flightpath  angle  symbol,  as  shown  in  table  4-5.  The 
flightpath  acceleration  symbol  will  blink  on  and  off  2 times/sec  when  the  airplane  IAS  is  less 
than  the  IAS  reference  speed  set  through  the  NCDU  (lASREF)  or  greater  than  a stored 
value  of  maximum  airspeed  (lASMAX).  The  flightpath  acceleration  symbol’s  intensity  (Ig) 
shall  be  11.  The  symbol’s  orientation  shall  remain  parallel  to  the  artificial  horizon  during 
aircraft  attitude  changes. 


The  symbol  sliall  be  displaeed  with  respect  to  the  Hightpath  angle  symbol  by  a signal 
proportional  to  the  acceleration  of  the  airplane  along  its  Hightpath,  i.e., 


FPAC 


/VGSDOT 


■3V 


-0  (W) 


Cdeg) 


where  is  a I'ilter  that  will  initially  be  set  to  unity. 

The  NCU  shall  compute  Hightpath  acceleration  20  times/sec  as  specified  above,,  scale  it 
at  57.37g  (such  that  1-g  acceleration  along  the  Hightpath  corresponds  to  57.3°  displacement 
from  the  Hightpath  angle  symbol),  sum  this  quantity  with  Hightpath  angle,  and  transmit  the 
sum  (FPA  + FPAC)  to  the  PCD  on  label  01000001,.  as  specified  in  figure  4-3.  When 
lASMAX  < IAS  < lASRFF,  the  NCU  will  set  the  DM  to  be  repetitively  invalid  for  250 
msec',  valid  for  250  msec. 


The  DS  shall  scale  these  data  to  display  coordinates,  and  generate  and  position  the 
symbology  relative  to  the  horizon. 

4.4.9  Acceleration  Command 


Command  acceleration  for  the  four-dimensional  guidance  situation  shall  be  displayed 
in  the  form  of  a dashed,  rather  than  solid,  stroke-written  rectangle  that  is  identical  in  shape 
and  movement  to  the  Hightpath  acceleration  symbol.  The  symbol  shall  be  constructed  of 
dashes,  as  specified  in  table  4-5.  The  symbol's  intensity  (Ig)  .shall  be  10. 

The  symbol  shall  be  displaced  with  respect  to  the  Hightpath  angle  symbol  by  a signal, 
7p(j,  proportional  to  the  acceleration  required  to  capture  and  maintain  an  assigned 
time  slot. 

When  a 4D  Higlit  plan  has  been  entered  (i.e.,  GU1D4D  Hag  is  set  in  the  guidance 
subroutine),  and  the  airplane  is  not  on  an  lASREF  speed  leg  (see  below),  acceleration 
command  7p(-  will  be  computed  as  follows; 

GAMPC  (JpQ)  = FPAPC  + FPA 

where  FPAPC  = 

When  bit  22  is  set  to  1 in  the  FROM  waypoint  data  in  the  guidance  buffer  memory  as 
defined  in  table  ,5-l,-  the  airplane  is  on  an  lASREF  speed  leg,  and7p(;^  will  be  computed  as 
follows: 


7pc  = - lASREF)  + FPA 


where  lASREF  is  set  by  the  NCDU  subroutine  to  the  value  entered  through  the  NCDU.  If 
no  value  has  been  entered  through  the  NCDU,  lASREF  is  set  to  the  speed  defined  in  the 
guidance  data  buffer  (table  5-1)  for  the  FROM  approach  waypoint.  Under  any  other 
conditions,  lASREF  will  be  set  to  zcio  by  the  NCDU  subroutine.  When  GU1D4D  is  not  set, 
the  airplane  is  not  on  an  lASREF  speed  leg,  is  not  computed,  and  the  DM  is  set  to 
invalid  by  the  NCU. 

The  NCU  shall  compute  GAMPC  7p('  20  times/sec  as  .specified  above,  scaled  at 
degrees/ 180  BO,  and  transmit  it  to  the  PCU  on  label  01001000. 

The  acceleration  command  shall  be  switched  ON/OFF  by  the  T-NAV  switch  on  the 
MFD  mode  control  unit,  except  when  the  aircraft  is  on  final  approach.  When  T-NAV  is 
selected  OFF,  the  NCU  will  set  the  DM  to  invalid  (11).  The  NCU  shall  change  the  DM  to 
valid  (symbol  switched  ON)  when  the  aircraft  passes  tne  final  approach  fix  waypoint,  which 
is  identified  by  bit  22  in  the  guidance  buffer  (fig.  5-1).  This  indicates  an  lASREF  leg,  i.e., 
the  acceleration  command  symbol  is  driven  by  the  difference  between  indicated  airspeed 
and  the  reference  airspeed. 

The  PCU  shall  scale  the  data  to  display  coordinates,  as  well  as  generate  and  position  the 
symbology  relative  to  the  horizon. 

4.4.10  Speed  Error  Bar 

Speed  error  shall  be  displayed  in  the  form  of  a bar  whose  length  is  proportional  to  the 
speed  error  input.  The  bar  shall  be  0.187  in.  wide  and  shall  vary  in  length  from  0.125  in. 
(located  symmetrically  about  the  left  wing  of  the  reference  airplane)  to  a maximum  of 
1.5  in.  above  (+20  kt)  and  2.25  in.  below  (-30  kt)  the  reference  airplane  symbol.  The 
vertical  centerline  of  the  bar  shall  be  located  1.24  in.  left  of  the  display  vertical  centerline  as 
specified  in  table  4-5. 

The  speed  error  bar  shall  be  raster  generated.  The  bar  shall  be  shaded  black  (00000) 
with  priority  01 100. 


The  NCU  shall  compute  DELV  (AV)  20  times/sec  as  follows: 


DELV  = 

IAS  - HLDIAS 

when  lASSEL  flag  is  set 

DELV  = 

IAS -lASREF 

when  on  an  lASREF  speed  leg  as  defined 
in  section  4.4.9  and  lASSEL  is  not  set 

DELV  = 

SPDE 

when  in  4D  nav  mode  and  not  on  an  lASREF 
speed  leg,  and  lASSEL  is  not  set 

and  shall  limit  the  result  as  follows; 


+20  > AV  > -30  kt 


lAV(  >1.54  kt 

The  NCU  will  scale  AV  at  0.154  kt/bit  and  will  generate  a word  as  shown  in  figure  4-3, 
with  label  01000100,  to  define  a top  and  bottom  Y coordinate  for  the  speed  error  symbol. 
The  coordinates  will  be  defined  as  follows: 


AV  positive 

Ytop 

AV 

Y bottom  = 

-1.54  kt 

AV  negative 

Ytop 

+1.54  kt 

Y bottom  = 

AV 

where  Y coordinates  are  defined  in  raster  elements.  When  GUID4D  is  not  set  and  lASREF  is 
zero,  the  DM  wilt  be  set  to  invalid. 

The  PCU  will  generate  the  vanable-size  bar  symbol  as  defined  in  table  4-5  whenever  the 
DM  is  valid,  using  the  Y coordinates  received  from  the  NCU  to  position  the  symbol  relative 
to  the  reference  airplane  symbol. 

4.4.11  ILSGate 

Localizer  and  glide  slope  deviation  shall  be  indicated  by  the  displacement  of  the  ILS 
gate  symbol,  specified  in  table  4-5,  from  the  boresight  dot  of  the  reference  airplane  symbol. 
The  symbol  shall  be  composed  of  four  raster-generated  rectangles  as  shown  in  table  4-5.  The 
symbol  shall  be  shaded  white  (11111)  and  have  priority  levels  01101  through  10000 
assigned  to  it. 

No  data  are  required  from  the  NCU  to  generate  or  position  this  symbol.  The  PCU  shall 
use  the  localizer  and  glide  slope  signals,  which  are  input  directly  to  the  PCU  as  dc  analog 
signals  (see  table  4-1),  to  position  this  symbol. 

The  localizer  deviation  signal  shall  be  mechanized  to  move  the  ILS  gate  left  and  right 
relative  to  the  reference  airplane  symbol  at  2.6  elements/pamp.  The  maximum  lateral 
movement  shall  be  limited  to  ±2  in.  (±130  elements)  from  the  zero  position.  Note  that  this 
corresponds  to  a 50-pamp  (2/3  dot)  localizer  deviation.  The  maximum  input  signal  will  be 
±150  juamp. 


The  glide  slope  deviation  signal  shall  be  mechanized  to  move  the  ILS  gate  up  and  down 
relative  to  the  reference  airplane  symbol  at  0.466  element/jaamp.  The  maximum  vertical 
movement  shall  be  limited  to  ±0.875  in.  (±77  elements)  from  the  zero  position,  which 
corresponds  to  a 150-gamp  (2  dot)  glide  slope  deviation.  The  maximum  input  will  be 
±150  gamp. 

Radio  altitude  shall  be  used  to  turn  the  ILS  gate  ON  (when  the  mode  and/or  option 
switch  selections  are  appropriate). 

Starting  at  200  ft  radio  altitude,  the  glide  slope  deviation  signal  shall  be  desensitized 
such  that  a fixed  vertical  displacement  of  the  symbol  shall  be  proportional  to  a constant 
vertical  displacement  of  the  airplane  from  the  glide  slope  beam  center- 

Glide  slope  displacement  = K f (glide  slope  deviation) 

where: 

for  h|^  > 200  ft 

for  60  < hj^  < 200  ft 
for  hj^  < 60  ft 
hj^  = radio  altitude 

Descent  through  a radio  altitude  of  60  ft  shall  cause  the  ILS  symbol  to  be  zeroed  in 
glide  slope  deviation.  Thereafter,  the  absence  of  a glide  slope  valid  signal  shall  not  suppress 
the  ILS  gate. 

4.4.12  Flight  Director  Command  Bars 

The  pitch  and  roll  flight  director  commands  shall  be  displayed  in  the  form  of  two 
raster-generated  bars,  as  specified  in  table  4-4.  The  pitch  command  bar  shall  be  oriented 
horizontally  and  move  up  and  down  relative  to  the  reference  airplane  symbol.  The  roll 
command  bar  shall  be  oriented  vertically  and  move  horizontally  left  and  right  relative  to  the 
reference  airplane  symbol.  All  commands  shall  be  interpreted  as  “fly-to”  commands. 

The  dimensions  of  the  bars  shall  be  0.''5  by  0.075  in.  The  bars  shall  be  shaded  black 
(00000)  and  shall  be  assigned  priority  levels  01010  and  01011. 

The  NCU  shall  compute  the  flight  director  commands  20  times/sec  as  follows: 

Yp  = Kp  PCMD 

Xr  = K}^  RCMD 


K = 1 

hf^  - 60 

140 

0 


where 


Yp.  Xj^  “ display  nister  mode  elements 
Kp  ==  pitch  eommand  seale  faetor  = 1 3.6 

Kp  = roll  command  scale  lactor  = 2.4 

HCMD  and  RCMD  are  calculated  in  the  guidance  routine  as  defined  in  section  .S.O. 

The  NCU  shall  scale  the  pitcii  command  at  13.6  bits/deg  6 and  the  roll  command  at  2.4 
bits/deg  0,  and  shall  limit  the  respective  movements  of  ±0.8  in.  (±64  bits)  vertically  and 
±1  in.  (±64  bits)  horizontally.  The  NCU  shall  then  transmit  these  roll  and  pitch  commands 
on  labels  0 1 000 1 0 1 and  0 1 000 1 1 0 as  an  X and  a Y coordinate,  respectively. 

The  PCU  shall  generate  the  raster  symbology  defined  in  table  4-5,  using  the  data 
received  from  the  NCU  to  position  the  roll  command  symbol  in  the  X dimension  and  the 
pitch  command  symbol  in  the  Y dimension.  The  PCU  shall  interpret  the  data  such  that  one 
bit  equals  one  raster  element,  and  shall  position  the  symbology  relative  to  the  reference 
airplane  whenever  the  data  received  from  the  NCU  in  word  labels  01 0001 01  and  010001 10 
have  valid  designation  matrices  and  the  flight  director  option  has  been  selected  on  the  EADl 
mode  control  unit. 

4.4.13  Horizontal  and  Vertical 

Four  forms  of  guidance  symbology  shall  be  implemented.  The  pilot  will  choose  one  of 
the  four  by  selecting  the  V-NAV  option  (star)  on  the  EADI  mode  control  unit  and  VNAV  1, 
2,  or  3 on  the  NCDU,  as  specified  in  section  6. 5.5. 2. 

The  four  forms  of  guidance  symbology  to  be  implemented  -..re: 

• Star  only  (VNAVF  = 0)  and  STAR  it  0 

• Star  and  circle— Situation  (VNAVF  = 1 ) and  STAR#  0 

• Star  and  dashed  gamma  wedges  (VNAVF  = 2)  and  STAR#  0 

• Star  and  circle-Command  (VNAVF  = 3)  and  STAR  #0 
Each  is  described  in  detail  below. 

If  VNAVF  # 0.  and  V-NAV  is  not  selected  on  the  EADI  mode  control  unit  (i.e., 
STAR  = 0),  the  circle  and  dashed  gamma  wedges  symbol  will  be  generated  alone.  Similarly, 
if  STAR  #0  and  VNAVF  = 0,  the  star  only  symbol  will  be  generated,  as  discussed  in 
section  4.4.13.1. 


4.4. 1 3. 1 Star  and  Circle  Situation 


The  vertical  navigation  situation  in  tins  I’onnat  shall  be  displayed  as  a circle  whose 
displacement  from  the  flightpatli  angle  symbol  repiesents  the  pilot’s  sighting  angle  to  a 
point  on  the  path  30  sec  ahead  of  the  airplane’s  abeam  point.  In  addition,  a star  whose 
displacement  from  the  nightpath  angle  symool  represents  the  pilot’s  sighting  angle  to  the 
next  waypoint  will  be  displayed,  together  with  cone  edge  lines  connecting  the  edges  of  the 
circle  with  the  center  ^f  the  star.  The  cone  is  displayed  only  in  conjunction  with  the  star. 
The  cone  thus  formed  represents  a perspective  view  of  the  “tube”  that  the  airplane  is 
supposed  to  Oy  within  to  the  next  waypoint.  In  addition,,  the  next  waypoint  shall  always  be 
identified  by  an  alphanumeric  identifier  display  in  the  lower  left  corner  of  the  EADI. 

The  circle  and  star  symbols  will  move  vertically  to  indicate  fiightpath  angle  to  the  path 
and  next  waypoint,,  as  well  as  laterally  to  indicate  the  track  angle  to  the  path  and  next 
waypoint.  The  star  symbol  shall  be  mechanized  to  remain  in  an  orientation  fixed  with 
respect  to  the  horizon  during  aircraft  roll  attitude  changes.  The  position  of  the  star  and 
circle  symbols  will  be  limited  so  that  they  remain  in  the  field  of  view,  correctly  located  in 
the.  vertical  dimension  relative  to  the  horizon  at  all  times. 


The  NCU  shall  compute  the  location  of  the  star  symbol  20  times/sec.  Unrotated  star 
symbol  coordinates  are  defined  by; 

XS-  = 24.8  [angle  - DA  - TKE  - ta„-'  (dtogoTdist)] 

VS-  - 24.8  [,a„-l(g:f^R.55^)  + PlTCH4PlTC^ 

where  HERR  = altitude  error  wi‘>  respect  to  the  next  waypoint.  (See  figures  4-9  and  4-10 
for  definition  of  terminology.) 


After  rotafion  through  roll  angle  (0),.  the  star  symbol  screen  coordinates  are  defined  as: 


XS  = XS''  cos  0 - YS'  sin  0 


YS  = XS'  sin  0 + YS'  cos  0 

The  quantities  ANGLE  and  DIST  are  added  to  the  equations  as  defined  in  figure  4-1 1 
to  compensate  for  discominuities  and  switchovet  points  in  the  guidance  subroutine 
calculations  during  a waypoint  transition. 


*P1TCHB  included  when  reference  airplane  symbol  is  offset  (see  sec.  4.4.2). 


Movement  oF  the  star  symbol  shall  be  limited  to  within  0.40  in.  of  the  display  edge. 
The  NCU  shall  limit  the  position  of  the  star  symbol  relative  to  the  flightpath  angle  symbol, 
as  shown  in  figure  4-10. 

The  NCU  must  calculate  the  position  of  the  flightpath  angle  (FPA)  symbol  in  screen 
coordinates  as  follows: 

FPAX  = 24.8  [ (FPA  - PITCH  - PITCHB*)  sin  0 + DA  cos  <t>] 

FP.AY  = 24.8  [(FPA  - PITCH -PITCHB*)  cos  0 + DA  sin  01 

The  slope  of  the  line  from  the  FPA  symbol  to  the  star  symbol  is: 

cLQPE-^yS-FPAY) 

sLurc  (XS-FPAX) 

The  NCU  will  calculate  the  limited  star  coordinates  XSL.  YSL  as  follows: 

If: 

-XSL  >XS  > + XSL 

XS  = XSL.  and  YS  = (XSL**  - FPAX)  SLOPE  + FPAY. 

If: 

-YSL  > YS  > + YSL 

XS  = 

When  the  reference  airplane  symbol  is  positioned  at  screen  center,  the  limit  values  XSL 
and  YSL  are  : 

XSl  =+316  bits  (±2.162  in.) 

YSL  = ±438  bits  (±3.0  in.) 

For  the  upper  airplane  position.,  the  YSL  limits  will  be  changed  to: 

+ 140  bits  (0.962  in.) 


YSL  = 


-491  bits  (3.362  in.) 


*P1TCHB  included  when  reference  airplane  syn  ’ is  offset  (see  sec.  4.4.2). 

**Use  the  XSL  value  with  the  same  sign  as  XS. 

"Use  the  YSL  value  with  the  same  sign  as  YS. 


I 


The  NCU  shall  then  generate  a symbol  word  group  defining  the  star  symbol  and  its 
location  whenever  V-NAV  is  selected  on  the  EADI  MCU,  except  when  the  TO  waypoint  in 
the  guidance  buffer  (table  5-1)  is  designated  for  lASREF.  The  type  1 word  will  include  the 
symbol  code  00 1 1 1 00,  R = 1 , SS  = 1 1 , L = I , and  Ig  = 10.  The  type  2 word  will  define  the 
coordinates  .XS  and  YS  for  positioning  the  symbol.  The  type  2 word  will  define  the 
coordinates  XS  and  YS  for  positioning  the  symbol.  The  type  3 word  will  define  the  rotation 
angle  {<!>)  required  for  maintaining  it  in  an  orientation  parallel  to  the  horizon. 

The  DS  shall  generate  the  symbology  as  defined  in  tables  2-6  and  4-5,  using  its  normal 
table  mode.  The  PCU  will  generate  the  EADI  mode  word  and  transmit  EADI  mode  data  to 
the  NCU.  The  DS  will  position  the  symbology  relative  to  the  reference  airplane  symbol. 

The  NCU  shall  compute  the  location  of  the  circle  symbol  20  times/sec  as  follows; 

XC-  = 24.s[-DA-.an-l(^^„y\,^g)-TKE] 

YC'  = 24.8  [tan'l  ^TAUL  • VGS  sin  PFPA  + HER^  _ (PITCH  + PITCHB*)] 

where  T.AUL  = 30  sec. 


XC  = XC'  cos  4>  - YC'  sin 
YC=XC'sin0  + YC'  cos 

Movement  of  the  circle  symbol  shall  be  limited  to  within  0.50  in.  of  the  display  edge. 
The  NCU  shall  limit  the  position  of  the  circle  symbol  in  the  same  manner  as  that  specified 
for  the  star  symbol,  except  that  the  bit  limit  values  XCL,  YCL  shall  be: 

Airplane  at  screen  center;  XCL  = ±300,  YCL  = ±423 

Airplane  at  offset  position-  XCL  = ±300,  YCL  = 

The  NCU  shall  generate  a symbol  word  group  defining  the  circle  symbol  and  its 
location  whenever  V-NAV  is  selected  on  the  EADI  MCU  and  VNAV  option  1 is  selected  on 
the  NCDU.  The  type  1 word  will  have  the  symbol  code  0001 1 1 1 , R = 0,  SS  = 10,  L = 1 , and 
Ig  = 10.  The  type  2 word  will  define  the  position  coordinates  XC  and  YC.  No  type  3 word  is 
required  since  the  circle  symbol  is  totally  symmetric. 

The  DS  shall  generate  the  symbology  as  defined  in  tables  2-6  and  4-5  using  the  table 
mode  and  shall  position  the  symbology  relative  to  the  reference  airplane  symbol. 


*PITCHB  added  when  the  offset  bias  is  selected  (see  sec.  4.4.2) 


Tlic  cone  shall  be  genoiated  from  two  vectors  connecting  the  lop  and  ' Jttom  edges  of 
the  circle  with  the  center  of  the  star.  The  NCU  shall  compute  the  location  ot  the  vector  end 
points  as  follows; 

X,  = XC 

Y j = YC  + 26^ 

X2  = XS 

Y^  =■-  YS 

X3  = XC 

Y3  = YC-26* 

The  NCU  will  generate  a vector  word  group  using  vector  code  1 100001  with  ly  set  to 
01  in  vector  word  type  1 , The  first  two  type  2 vector  words  will  have  WF  = 0 and  will  define 
the  coordinates  (X|Y|)  and  (X^Yt).  The  third  type  2 vector  word  will  have  WF  = 1 and 
will  define  the  end  point  coordinate  (X3Y3).  The  DS  will  generate  this  vector  using  the 
table  mode. 

A three-  to  five-character  alphanumeric  label  identifying  the  displayed  waypoint  and  a 
two-  to  five-character  guidance  mode  label  shall  be  di  'ayed  in  the  lower  left  corner  of  the 
EADl,  as  shown  in  table  4-5.  The  NCU  will  transmit  the  identifier  to  the  PCU  as  a text 
instruction  word  group.  The  type  IB  word  will  have  WF  = 0 and  I j = 10.  The  first  type  4 
word  will  have  WF  = 0,  ST  = 1,.  and  the  codes  for  the  first  three  alphaniimerics. 

Additional  type  4 words  will  be  transmitted  to  complete  the  waypoint  designator  if 
required,  followed  by  CR  and  LF  codes  to  start  a second  line  of  characters.  These  characters 
will  define  the  current  fiight  control  mode  of  operation  as  follows,  where  the  name  in 
parentheses  is  the  NCU  fiag  name:  LAND  (RCAPT  or  PCAPr),  4D  (GU1D4D),  3D 
(GUID3D),  2D  (GUID2D),  LINK  (LINKUP),  SEL  (HLDSEL.,  TKSEL,  FPASEL,  OFSSEL, 
ALTSEL,  or  lASSEL),  Simultaneous  modes  will  be  separated  by  a slash,  i.e.,  2D/SEL,  The 
location  of  this  alphanumenc  tag  will  be  transmitted  in  the  type  2 word  as  -420  bits  in  the  X 
dimension  and  -290  bits  in  the  Y dimension  when  the  airplane  symbol  is  located  at  screen 
center.  For  upper  airplane  symbol  position,  the  Y value  will  be  -465,  The  label  will  change 
when  WPDTG  < DTTI  (see  sec,  4,4. 13). 

4.4.13.2  Star  and  Dashed  Gamma  Wedges 

The  vertical  navigation  situation  in  tins  format  shall  be  displayed  as  l)a  star  whose 
displacement  from  the  flightpath  angle  symbol  represents  the  pilot’s  sighting  angle  to  the 


*26  bits  = 0.1 80  in.,  which  is  one-half  the  circle  symbol  diameter. 
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next  waypoint  and  2)  a dashed  flightpath  angle  symbol,  as  specified  in  table  4-5,  whose 
displacement  from  the  fliglitpath  angle  symbol  represents  the  pilot’s  sighting  angle,  in  the 
vertical  dimension,  to  a point  30  sec  ahead  of  the  airplane’s  abeam  point  on  the  path. 

The  NCU  shall  compute  the  position  of  the  star  symbol,  limit  the  position  of  the  star 
symbol,  and  transmit  the  star  symbol  data  to  the  PCU  in  the  same  manner  as  that  specified 
for  the  star  and  circle  in  section  4.4. 13.1. 

The  NCU  shall  compute  the  vertical  position  of  the  dashed  flightpath  angle  symbol  20 
times/sec  as  vertical  path  command  (VPC): 

. r.  -1  / TAUL  ■ VGS  sin  PFPA  + HER 

V fAur-  VGs 

where  TAUL  = 30  sec.  The  NCU  shall  transmit  the  data  as  an  angular  quantity  to  the  PCU 
on  label  010001 1 1,  as  specified  in  figure  4-3.  The  DM  will  be  set  to  valid  when  V-NAV  is 
selected  on  the  EADI  mode  control  unit  and  VNAV  option  2 is  selected  on  the  NCDU., 
When  these  conditions  are  not  met,  DM  is  set  to  invalid. 

The  DS  shall  scale  these  data  at  0.17  in. /deg  and  shall  add  pitch  and  pitch  bias  to 
vertically  position  the  dashed  flightpath  angle  symbol.  The  DS  shall  use  the  drift  angle  data 
transmitted  on  label  0100001 1,  as  specified  in  figure  4-3,  to  position  this  symbol  laterally. 
Both  lateral  and  vertical  positions  are  relative  to  the  reference  airplane  symbol. 

Tire  dashed  flightpath  angle  symbol  shall  be  constructed  of  dashes  as  shown  in  table 
4-5.  The  symbol's  intensity  (Ig)  shall  be  10. 

The  NCU  shall  also  provide  the  DS  with  data  for  generating  the  waypoint  identifier  in 
the  same  manner  as  that  specified  in  section  4.4. 1 3. 1 

4.4.13.3  Star  and  Circle-Command 

The  symbology  for  the  VNAV  3 option  is  identical  to  that  defined  in  section  4.4.13.1. 
The  only  difference  is  that  the  circle  symbology  is  positioned  by  the  flight  director 
commands  PCMD  and  RCMD. 

The  NCU  will  compute  the  position  of  the  circle  symbol  20  times/sec  as  follows: 

XC  = KR'  (RCMD) 

YC'  = KP'  (PCMD  - PITCH  - PITCHB) 


where; 


KR'  = roll  command  scale  factor  = 1 0 
KP'  = pitch  command  scale  factor  = 100 

XC  = XC'  cos  <t>  - YC  sin  <p 
YC  = XC'  sin  <t>  + YC'  cos  4> 

The  circle  coordinates  will  be  limited  in  the  manner  defined  in  section  4.4. 13.1. 

The  NCU  will  transmit  the  star  and  circle  symbology  as  table  data  in  two  symbol  word 
groups.  Two  vectors  will  define  the  cone,  as  detailed  in  section  4.4. 13.1. 

The  DS  will  generate  the  symbology  using  the  normal  table  mode  of  operation. 

The  NCU  shall  provide  the  PCU  with  data  for  generating  the  waypoint  identifier  in  the 
same  manner  as  that  specified  for  the  star  and  circle  in  section  4.4. 13.1. 

4.4.14  Radio  Altitude 

Radio  altitude  shall  be  displayed  digitally  in  the  upper  right  corner  of  the  display  using 
stroke-written  characters  on  a dark  rectangle,  as  shown  in  figure  4-2.  The  lower  left  corner 
of  the  rectangle  shall  be  located  1.54  in.  above  and  1.75  in.  to  the  right  of  the  screen  center. 
The  rectangle  shall  be  0.50  in.  high  by  1.30  in.  wide.  The  rectangle  shall  be  shaded  black 
(00000)  and  have  priority  level  1.  The  numerics  shall  be  0.315  in.  high  (SS  = 10),  with 
intensity  (Ig)  set  to  1 1 . 

No  data  are  required  from  the  NCU  for  this  symbology.  The  DS  shall  use  the  dc  analog 
signal  that  it  receives  directly  from  the  radio  altimeter  to  display  this  symbology.  The 
output  characteristics  of  the  dc  analog  signal  are  shown  in  figure  4-12. 

Radio  altitude  shall  be  displayed  below  2500  ft.  Above  2500  ft,  the  PCU  shall  blank 
the  radio  altitude  symbology.  The  display  shall  read  in  2-ft  increments  from  0 to  100  ft  and 
in  10-ft  increments  above  100  ft. 

The  DS  shall  update  the  displayed  data  5 times/sec. 

4.4. 1 5 Runway 


For  approach/landing  operations,  a symbolic  representation  of  the  runway  shall  be 
displayed.  The  runway  symbology  shall  consist  of  an  oblique  trapezoid  with  a dashed 
centerline  and  extended  runway  centerline.  The  runway  perspective  shall  duplicate  the  real 
world  runway  image  within  the  limits  of  navigation  accuracy. 
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The  NCU  shall  compute  as  follows  the  screen  coordinates  of  the  vectors  constituting 
the  runway  symbol  at  a rate  of  20  times/sec.  Sec  figures  4-13  and  4-14  for  definition  of 
parameters  used  in  the  equations. 


X 


h 


sin  if) 


13  =S,^|(d  + Ad)  htan-  r,  3,±aR,  3J 

+ tan-'  A li 


-H 


1.3  2Rj3 

-1  !l„ 


cos  (f)} 


cos  if) 


Yi  3 =Sf<;-|(0  + AO)t-tan-  Rj  3,±^Rj  3J' 

Wj^C05^«|/r-  J/Rjj 


i//rTj  3 + tan" 


2R 


1,3 


sin  0 


where  Ri  3-=  Ri  3 cos  (i/'RT[  3 - '^l  3'*^  limited  to  ^ 300  ft. 


^2,4  = Sf 


(0  + Ad)H-tan-'  5 T7 


R2  4'  ± ARo  4 


sm  0 


’^RT')  ^ 


Wr  cos  (\!'r-iJ/rt2  4) 


■2,4 


2R 


2,4 


cos  0 


^2,4  =Sf<- 


(0  + A0)  + tan"'  5 


"^2,4"  “ ^^^2,4J 


cos  0 


>^RT2^4  ^ 


WrCOs/'0r-0rj^  \ 


- 


sin  0 


where  R^  ^>=  R2  4 cos  f ^RT?  4 - When  R9  4»is  < 300  ft,  the  calculation  of  runway 
symbology  will  be  discontinued. 

The  NCU  will  generate  four  vector  word  groups  using  vector  cod-'  1 100000,  with  ly 
set  to  10  in  vector  word  type  1 as  shown  in  table  4-2.  Each  vector  word  group  will  define 
one  side  of  the  runway  symbol  and  will  consist  of  one  type  1 and  two  type  2 words.  The 
data  will  be  transmitted  over  the  EADI  bus  as  shown  in  table  4-2  whenever  the  RUNWAY 
display  option  is  selected  on  the  EADI  mode  control  unit  and  R13  < 30  nmi. 

The  NCU  shall  compute  the  location  of  the  extended  runway  centerline  using  the 
following  logic  and  eauations; 


Position  6 coordinates: 


Xg  = I/2(X2  + X4) 

Y^i  = 1/2(Y2-Y4) 


Position  5 coordinates: 


Xj  = !/2(X,+X3) 

Y7  = 1/2(Y,+Y3) 

R5  = 1(-DSFGAM-ERW)2  + (DSRGAM)2)'^“ 


= tan‘*^“ 


-DSRGAM  \ . 

DSFGAM  - ERW/ 


where  (-DdFGAM  - ERW)  ^ 300  ft  and  ERW  = 30,000  ft. 


Y5  = -Sf 


(r/co.  (SRT5  - »„))  ■’'TCHb]  cos*+(SRT5- 


where  Sf  = 24.8 

X5‘(^ff^)v5-V7)+X7 

See  figures  4-13,  -14,  and  -1.5  for  definition  of  the  parameters  used  in  these  equations. 

The  NCU  will  generate  a vector  word  group  using  vector  code  1 100000,  with  ly  set  to 
01  in  vector  word  type  1.  The  first  vector  word  type  2 will  have  WF  = 0 and  will  define  the 
start  point  coordinate  (X5Y5).  The  second  vector  word  type  2 will  have  WF  = 1 and  will 
define  the  end  point  coordinate  (X^Yg)  of  the  centerline.  The  NCU  will  transmit  these  data 
over  the  EADI  bus  as  shown  in  table  4-2  whenever  the  RUNWAY  display  option  is  selected 
on  the  EADI  mode  control  unit  and  Rj3  < 10  nmi. 

The  basic  data  required  to  generate  the  runway-associated  symbology  will  be  extracted 
from  the  bulk  data  storage  (sec.  3.0).  The  origin/destination  buffer  (table  6-3)  identifies  the 
origin  and  destination  airport.  The  bulk  data  buffer  (table  3-6)  provides  the  following 
runway  data: 

Latitude  of  threshold 

Longitude  of  threshold 

Length  of  runway 


4 
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Azimuth  of  runway 


Altitude  of  thieshold 

Width  of  runway  ( 1 50  ft  assumed) 

Tlie  DS  will  generate  the  runway  and  centerline  symbology  using  the  table  mode  and 
position  the  symbology  with  respect  to  the  reference  airplane  symbol. 

4.4.16  Belly  Symbol 

A truncated  wedge-shaped  symbol  shall  appear  at  the  top  of  the  EADl,  as  shown  in 
table  4-5,  whenever  approach/laiiumg  TV  imagery  is  displayed.  The  belly  symbol  snail  be 
raster  generated,  shall  have  the  same  shade  as  the  sky,  and  shall  have  priority  level  34. 

No  data  are  required  from  the  NCU  for  generating  or  positioning  this  symbology.  The 
DS  shall  generate  this  symbol  whenever  the  EADl  TV  option  (0100000)  is  selected  ON. 

The  belly  symbol  shall  be  mechanized  such  that,  as  the  artificial  horizon  moves  with 
pitch  and  roll  into  the  area  that  it  blanks,  the  symbol  rolls  back  to  allow  the  televisual  scene 
to  appear. 

4.4.17  TV  Scene 

The  approach/landing  TV  imagery  received  from  the  radome-mounted  TV  camera  shall 
be  displayed  whenever  the  TV  option  is  selected.  The  TV  imagery  shall  be  positioned  such 
that  the  real  world  horizon  (as  seen  through  the  TV  camera)  aligns  with  the  artificial 
horizon,  and  scaled  such  that  the  real  world  picture  pitches  and  rolls  coincident  with  the 
pitch  attitude  scale. 

TV  imagery  shall  be  scaled  by  the  appropriate  choice  of  TV  camera  lens,  and  shall  have 
priority  over  the  sky/ground  shading,  i.e..  priority  level  35. 

No  data  are  required  from  the  NCU  for  generating  or  positioning  this  symbol. 

4.5  EADl  TEST  FEATURES 
4.5.1  EADl  Self-Test 

This  mode  is  initiated  by  pressing  the  TEST  button  on  the  EADl  mode  control  unit 
(see  fig.  4-7).  Selection  of  tliis  mode  overrides  all  other  EADl  modes.  The  EADl  remains  in 
the  test  mode  until  another  mode  is  selected  on  the  EADl  mode  control  unit.  The  display 
test  pattern  seen  on  the  EADl  when  this  mode  is  selected  is  shown  in  figure  4-1 6. 


4.5.2  NCU/PCU  Interface  Test 


The  NCU  test  inode  is  initiated  by  the  test  switch  on  the  NCDU.  Details  of  the  NCU 
self-test  requirements  are  defined  in  section  7.0.  Included  in  this  test  is  the  NCU/PCU 
interface  test,  which  checks  the  EADl  bus  transmissions  to  the  PCU. 

Activation  of  this  test  will  superimpose  the  EADl  test  patterns  defined  in  figure  4- 17 
on  the  normal  EADl  presentation.  These  patterns  are  generated  by  transmitting  the  data 
listed  in  table  4-7  over  the  EAD!  bus.  If  the  test  is  successful,  the  message 

EADl  BUS  GOOD 

will  appear  as  shown  in  figure  4-17.  If  the  test  fails,  no  message  will  appear. 

The  NCU  will  continue  to  transmit  the  data  listed  in  table  4-7  as  long  as  the  NCDU  test 
switch  is  in  the  TEST  position. 

4.6  NCDU/EADl  INTERACTION 

The  waypoint  star  symbol,  its  alphanumeric  designator,  and  the  guidance  symbology 
(V-NAV)  will  be  dependent  on  the  flight  plan  entered  into  the  system  through  the  NCDU. 
The  star  symbol  represents  the  current  TO  waypoint  identified  in  the  guidance  buffer 
(table  5-1 ). 

The  choice  of  guidance  symbology  option,  VNAV  1,  2,  or  3,  is  made  through  the 
NCDU  SEE  mode  as  defined  in  section  6.5.5. 2 in  conjunction  with  the  V-NAV  switch  on 
the  EADl  mode  control  panel.  The  EADl  guidance  options  are:  VNAV  1,  VNAV  2,  and 
VNAV  3. 

Pressing  numeric  key  1,  2,  or  3 activates  the  appropriate  symbology  on  the  EADl 
display. 

4.7  SCU  INTERFACE 

The  symbol  valid/erase  switches  on  the  SCU  shall  have  the  capability  of  controlling 
only  the  general-function  symbology  on  the  MFD.  Eight  switches  shall  be  mechanized  to 


delete  symbology: 

Switch  4 

OFF 

Roil  template 

Switch  5 , 

OFF 

Roll  pointer 

Switch  6 

OFF 

Flightpath  angle  wedges 

Switch  7 

OFF 

Flightpath  acceleration  rectangle 

Switch  8 

OFF 

Acceleration  command 

OFF  Dashed  llightpalh  angle  wedges 

OFF  Fitch  rerorence  line 

OFF  Rerercnce  airplane  symbol  position 


TABLE 4-1. -ANALOG  INPUTS  FOR  THE  EADI 


Input 

parameter 

Signal 

type 

Reference 

specification 

Scale 

factor 

Range 

Pitch  angle 

Synchro 

AR INC  407 

1°/1° 

+ 90° 

Roll  angle 

Synchro 

ARIMC  407 

l7l° 

+ 180° 

Radio  altitude 

Dc 

ARINC  552 

See  sec.  4.4.14  and  fig.  4-12 

0 to  2500  ft 

LOC  deviation 

Dc 

ARINC547 

+ 75juamp/dot 

+ 150^amp 

GS  deviation 

Dc 

ARINC  547 

+ 75/uamp/dot 

+ 150M3rnp 

TABLE  4-2.-EADI  BUS  LABEL  CODING  AND  TRANSMISSION  ORDER 


1 Label 

MSB 

LSB 

Function 

8 

7 

6 

5 

4 

3 

2 

1 

0 

1 

0 

0 

0 

0 

0 

0 

Flightpath  angle  {FPA) 

0 

1 

0 

0 

0 

0 

0 

1 

Flightpath  angle  + flightpath  ?v.»,''leration  {FPA  + FPAC) 

0 

1 

0 

0 

0 

0 

1 

0 

Drift  angle  (DA) 

0 

1 

0 

0 

0 

0 

1 

1 

Planned  flightpath  angle  (HLDFPA) 

0 

1 

0 

0 

0 

1 

0 

0 

Speed  error  (lASERR  or  SPDE) 

0 

1 

0 

0 

0 

1 

0 

1 

Flight  director— roll  command  (RCMD) 

0 

1 

0 

0 

0 

1 

1 

0 

Flight  director— pitch  command  (PCMD) 

0 

1 

0 

0 

0 

1 

1 

1 

Vertical  path  command  (VPC) 

0 

1 

0 

0 

1 

0 

0 

0 

Flightpath  angle  + flightpath  acceleration  command  (GAMPC) 

0 

1 

0 

0 

1 

0 

0 

1 

EADl  mode  word 

0 

1 

0 

0 

1 

0 

1 

0 

I&R  control  word  with  1C  = 00,  RC  = 0,  RS  = 

0,  OC  = 0,  TC  = 1 

0 

1 

0 

0 

1 

0 

1 

1 

Symbol  word  type  1 = (R  = 1) 

Star 

0 

1 

0 

0 

1 

1 

0 

0 

2 

Position 

0 

1 

0 

0 

1 

1 

0 

1 

3 

Rotation  angle 

0 

i 

0 

0 

1 

1 

1 

0 

1 

Tickler  symbol 

0 

1 

0 

0 

1 

1 

1 

1 

2 

Position 

0 

1 

0 

1 

0 

0 

0 

0 

Text  type  1 

Text  control 

U 

1 

0 

1 

0 

0 

0 

1 

2 

Position 

0 

1 

0 

1 

0 

0 

1 

0 

4 

Designator 

0 

1 

0 

1 

0 

0 

1 

1 

4 

Designator 

0 

1 

0 

1 

0 

1 

0 

0 

Vector  word  type  1 

Tickler  lines 

0 

1 

0 

1 

0 

1 

0 

1 

2 

Position  1 

0 

1 

0 

1 

0 

1 

1 

0 

2 

Position  2 

0 

1 

0 

1 

0 

1 

1 

1 

2 

Position  3 

0 

1 

0 

1 

1 

0 

0 

0 

t 

Runway  outline 

0 

1 

0 

1 

1 

0 

0 

1 

2 

Position  1 

0 

1 

0 

1 

1 

0 

1 

0 

2 

Position  2 

0 

1 

0 

1 

1 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

2 

Position  2 

0 

1 

0 

1 

1 

1 

0 

1 

2 

Position  4 

0 

1 

0 

1 

1 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 

2 

Position  4 

0 

1 

1 

0 

0 

0 

0 

0 

2 

Position  3 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

1 

0 

2 

Position  3 

0 

1 

1 

0 

0 

0 

1 

1 

2 

Position  1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

Runway  centerline 

0 

1 

1 

0 

0 

1 

0 

1 

2 

Position  1 

0 

1 

1 

0 

0 

1 

1 

0 

2 

Position  2 

0 

1 

1 

0 

0 

1 

1 

1 

EOD  control  word  with  TC  = 0 

0 

1 

1 

0 

1 

0 

0 

Of 

Unassigned 

0 

1 

1 

1 

1 

1 

1 

Note:  The  table  data  content  following  the  i&R  control  word  will  vary 

in  content  depending  u(x>n  display  options  selected. 


TABLE 4.3-EADI  MODE  CONTROLLER  OPERATION 


Mode 

Function 

CRUISE 

Selects  CRUISE  mode  with  the  following  basic  symbology; 
Reference  aircraft  symbol 
Roll  indication 

Sky/ground  shading  and  horizon  line 
Pitch  scale 
Flightpath  angle 
Flightpath  acceleration 
Acceleration  command  (T-NAV) 

Vertical  and  horizontal  guidance  (V-NAV) 

LAND 

Selects  LAND  mode  with  the  following  basic  symbology; 
Reference  aircraft  symbol 
Roll  indication 

Sky/ground  shading  and  horizon  line 
Pitch  scale 
Flightpath  angle 
Flightpath  acceleration 
Acceleration  command  (T-NAV) 

Vertical  and  horizontal  guidance  (V-NAV) 
Localizer/giide  slope  box  (ILS) 

Speed  errot  bar  (SPD  ERR) 

Artificial  runway  and  extended  centerline  (RUNWAY) 
Television  (TV) 

Belly  symbol 

TEST 

Causes  a predefined  test  pattern  to  appear  on  the  EADI  (fig.  4-16) 

Note;  Mode  but 

tons  are  mutually  exclusive.  At  power  ON,  the  last  mode  selected 

will  be  re 

selected. 

Options 

Function 

FLT  DIR 

Switches  the  flight  director  symbology  ON/OFF 

ILS 

Switches  the  1 LS  box  ON/OrF 

SPD  ERR 

Switches  the  speed  error  bar  ON/OFF 

V-NAV^ 

Switches  the  V-nav  star  symbology  ON/OFF 

RUNWAY 

Switches  the  artificial  runway  symbology  ON/OFF 

TV 

Switches  the  TV  input  ON/OFF 

Note:Symbolo( 

)y  option  buttons  light  up  green  when  pressed  to  signify  ON. 

1 Second  press  changes  the  color  to  white  to  signify  OFF.  The  appropriate 

option  bu 

ttons  light  up  when  a mode  is  selected. 

PITCH  REF 

Potentiometer  and  digital  readout  used  for  setting  or 
adjusting  the  pitch  reference  line 

AUTO/MAN 

Selects  the  niodi*  of  drive  for  setting  the  pitch  reference  line.  In 
the  MAN  position,  the  reference  line  is  set  through  the  potentiometer. 
In  the  AUTO  position,  the  reference  'ino  is  set  automatically  by  inputs 
from  the  navigation  system  computer. 

D/H  REF 

Potentiometer  and  digital  readout  used  for  setting  the  decision  height 
on  the  EADI 

R/A  TEST 

Checks  the  radio  altitude  system  by  displaying  a predetermined  radio 
altitude  number 

^Selection  of  one  of  three  V-nav  symbology  options  is  nade  tnrough  the  NCDU  as 
defined  in  section  4.6. 
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TABLE 4-4.-EADI  DATA  COMPUTATION  RATE  REOUIREMENTS 


Symbology /function 

Minimum  computation 
rate  (number/sec) 

Computed  by  | 

PCU 

NCU 

Reference  airplane 

Fixed  symbol 

X 

Artificial  horizon 

20 

X 

Pitch  altitude  scale 

20 

X 

Pitch  gamma  reference  iine 

20 

X(MAN) 

X(AUTO 

Roll  pointer 

20 

X 

Roll  scale 

Fixed  symbols 

X 

Flightpath  angle 

20 

X 

Drift  angle 

5 

X 

Flightpath  acceleration 

20 

X 

Speed  error  bar 

5 

X 

1 LS  gate 

Localizer 

20 

X 

Glide  slope 

20 

X 

Flight  director  command 

20 

X 

V-nav  star  and  identifier 
Position  of  star 

20 

X 

Identifier 

1 

X 

Radio  altitude 

5 

X 

Runway 

20 

X 

Belly  symbol 

20 

X 

Decision  height 

2 

X 

Note;  All  data  computed  in  the  NCU  are  transmitted  to  the  FCU  20  times/sec. 


Reference  point 


Dimensions  in  Inches 


Reference  Airplane  (Raster) 


Artificial  Horizon 


TA  BL  E 4-5.  -CONTINUED 


-0.05 


-2.00  — 
ILS  Gate 


Dimensions  in  inches 


Flight  Director  Command  Bars 
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TABLE 4-6.-EADI  NOMENCLATURE 


Label 

Mnemonic 

Definition 

r 

Unit 

XS,  YS 

Coordinates  of  waypoint  symbol  on  EADI 
screen  relative  to  boresight  in  reference 
airplane  symbol 

bits 

XSL,  YSL 

Displacement  limit  on  coordinates  of  waypoint 
symbol  on  EADI  screen  (X  = horizontal  axis, 

Y = vertical  axis) 

bits 

XS',  YS' 

Coordinates  of  waypoint  symbol  on  EADI 
screen  prior  to  resolving  through  roll  input 

bits 

XC.  YC 

Coordinates  of  circle  symbol  on  EADI  screen 
relative  to  boresight  in  reference  airplane  symbol 

bits 

XCL,  YCL 

Displacement  limit  on  coordinates  of  circle  symbol 
on  EADI  screen 

bits 

XC',  YC' 

Coordinates  of  circle  symbol  on  EADI  screen  prior 
to  resolving  through  roll  input 

bits 

^1,3* '^1,3 

Coordinates  of  approach  threshold  corners  of 
runway  symbol  on  EADI  scieen 

bits 

^2,4'  '*'2,4 

Coordinates  of  takeoff  threshold  corners  of 
runway  symbol  on  EADI  screen 

bits 

Xb-Ys 

Coordinates  of  end  of  extended  runway 
centerline  on  EADI  screen 

bits 

^6*  Ye 

Coordinates  of  takeoff  end  of  runway  centerline 
on  EADI  screen 

bits 

X?,Y7 

Coordinates  of  approach  end  of  runway  centerline 
on  EADI  screen 

bits 

Xr 

Coordinates  of  roll  flight  director  bar  on  EADI 
screen 

bits 

Yp 

Coordinates  of  pitch  flight  director  bar  on  EADI 
screen 

bits 

FPAX, 

FPAY 

X,  Y 

Coordinates  of  flightpath  angle  symbol  on  EADI 
screen 

bits 

PITCH 

6 

Pitch  attitude 

deg/180 

PITCHB 

Ad 

Pitch  attitude  bias— constant 

deg/180 

ROLL 

Roll  attitude  (bank  angle) 

deg/180 

HD3 

Heading 

deg/180 

TKE 

Track  error 

deg/ICO 

TA 

Aif/ 

Track  change  requited  for  a particular  turn 

deg/180 

ANGLE 

Dummy  value  used  for  V-nav  star 

deg/180 

AMG 

Track  change  completed  through  a turn  at  a 
waypoint 

deg/180 

Track  to  runway  approach  threshold 

deg/180 

’^RY2,4 

Track  to  runway  takeoff  threshold 

deg/180 

Vr 

Runway  heading 

deg/180 
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Label 

Mnemonic 

Definition 

Unit 

Si^T5 

Track  to  end  of  extended  runway  centerline 

deg/180 

FPA 

7 

Flightpath  angle 

deg/180 

FPAC 

7p 

Flightpath  acceleration 

deg/ 180 

PFPA 

TC 

Command  flightpath  angle  from  guidance 

deg/180 

HLDFPA 

7rEF 

Flightpath  angle  selected 

deg/180 

FPASEL 

7sEL 

Flag  keyed  to  NCDU  select  mode  for  flightpath 
angle  hold 

FPAPC 

Acceleration  command  from  guidance 

deg/180 

GAMPC 

PC 

Acceleration  command  symbol  position 

deg/180 

SLOPE 

Gradient  of  line  from  the  FPA  symbol  to  the 
star  symbol 

DA 

Drift  angle 

deg/180 

ALTRWY 

h 

Altitude  above  runway  threshold 

ft 

HDOT 

Vertical  velocity  (baro/inertial  filtered) 

ft/sec 

HER 

Altitude  below  path 

ft 

HERR 

Altitude  above  next  waypoint 

ft 

IAS 

'^lAS 

Indicated  airspeed 

kt 

lASMAX 

Maximum  indicated  airspeed 

kt 

lASREF 

Reference  indicated  airspeed 

kt 

VGS 

Vg 

Groundspeed 

kt 

VGSDOT 

^G 

Rate  of  change  of  groundspeed 

ft/sec^ 

SPDE 

Speed  error 

kt 

DELV 

AV 

Y coordinates  of  speed  error  bar  on  EADI  screen 

bits 

XTK 

Crosstrack  error 

ft 

□TOGO 

Distance  to  go  to  next  waypoint 

ft 

DIST 

Dummy  value  used  for  V-nav  star 

WPPCD 

Distance  between  waypoints  center  of  turn  to 
center  of  turn 

ft 

DTTI 

Distance  from  start  of  turn  to  waypoint 

ft 

^1,3 

Distance  to  approach  threshold  of  runway 

ft 

*^2,4 

Distance  to  takeoff  threshold  of  runway 

ft 

'^1,3' 

Distance  to  approach  threshold  of  runway 
projected  along  track  of  airplane 

ft 

^2,4' 

Distance  to  takeoff  threshold  of  runway 
projected  along  track  of  airplane 

ft 

ARi  3 

Component  of  skewed  approach  threshold 
projected  along  track  of  airplane 

ft 

^^2.4 

Component  of  skewed  takeoff  threshold 
projected  along  track  of  airplane 

ft 

Distance  to  end  of  extended  runway  centerline 

ft 

Wr 

Runway  width 

ft 

t 
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TABLE  4-6.-C0NCL  UDED 


Label 

Mnemonic 

Definition 

Unit 

DSFGAM 

Distance  to  thre^old  projected  along  runway 
centerline 

ft 

DSRGAM 

Perpendicular  displacement  of  airplane  from 
extended  runway  centerline 

ft 

ERW 

Length  of  extended  runway  centerline 

ft 

Pitch  scale  factor 

in./deg 

TAUL 

Constant  = 30 

sec 

9 

Gravity 

ft/sec^ 

Kp 

Pitch  flight  director  command  scale  factor 

bits/deg 

•^R  ■■ 

Roll  flight  director  command  scale  factor 

bits/deg 

PCMD 

Guidance  output  of  flight  director  pitch  command 

deg/180 

RCMD 

Guidance  output  of  flight  director  roll 
command 

deg/180 

VNAVF 

Flag  that  determines  form  of  V-nav  to  be  used 

TABLE  4-7.-NCU/PCU  INTERFACE  TEST  DATA  TRANSMITTAL  ON  EADI  BUS 


EADI  bus 
word  no. 

Word/type 

Data  content 

N + 1 

Symbol  word— text 

lj=  11,ST=  1 

N + 2 

Symbol  word— type  2 

Position;  X = -190  bits 
Y = -330  bits 

N + 3 

Symbol  word— type  4 

E A D 

N + 4 

Symbol  word— type  4 

1 b B 

N + 5 

Symbol  word— type  4 

U S b 

N + 6 

Symbol  word— type  4 

b G 

N + 7 

Symbol  word— type  4 

0 0 D 

N + 8 

EOD  control  word 

TC  = 0 

N = last  word  of  table  data 
b = space 
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Reference  airplane 
(pitch  attitucfe) 


CAR 


32  313029282726,2524232221  2019  18  17  16  15  14  1312  11  70  9 8 / 6 5 4 3 2 1 


+ 90  range 


less  than  ± 45' 
45  or  more 


P DM  I FPA  + FPAC 
•r  90°  range 


P DM 

DA 

+ 90°  range 

P|  DM 

HLDFPA 

1 

+ 90°  range 

j Speed  error 
^ Y lop  coordinate 


+ Y bottom  coordinate 


+ 20  , 

— 30  '■3'’9e  limits 

0.167  LSB  value 


Flight  director  roll  command  (RCMD) 
+ 27°  range  I 
2.4  bits/deg 


\mmmm 


ICIDEIDCIDDCII 


FIGURE  4-3.- EADf  BUS  WORD  FORMATS 


Bit  no. 


32  313029282726252423  22212019  18171615  14  1312  11  10  9 8 7 6 5 4 3 2 1 

X 

1 U M U 11  H-H-H-l-l-l-H- 

Qll|0l0|0|l|1|0j 

P 

DM 

Flight  director  pitch  command  (PCMD) 
4.7°  range  I 

13.6  bits/deg  1 

LaM 

X 

□ J II  MIN  riTTlTI  1 1" 

o|i|o|o|oli|ihl 

P 

OM 

VPC 

J-  90°  range 

• 

F 1 1 1 1 1 1 1 1 1 

-Fl-H-l-l- 

XF 

o]i |o|o|i|o|o|o| 

p 

OM 

FPA  + FPAPC 
+ 90°  range 

xc 

TTTTTT 

XT 

□ 

XFF 

o 

o 

o 

o 

o 

EAO!  options 

Mode 

A/ 

M 

EADI  mode  word 


c 

T.l-I-I-I-I-I- 

X 

p 

oil  !o|ori|o|i|o| 

» 

W T 
P C 

0 

c 

R 

C 

R 

S 

1C 

l&R  code 

EADI  control  word 


FIGURE  4-3.-CONCLUDED 
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Bit  no. 


32  31  3a29282726  25  24  23  22  21  20  19 181716  IS  14  1312  11  10  9 8 7 6 5 4 3 2 1 


n 

EFET- 

-=r 

o[o'  olojojolo  0 

p 

F| 

Pi' 

EADI  options 

Mode 

A/ 

M 

AFCS 

Bit 


32  P = word  parity 

31  F = display  failure 

30  P.|=  EAD I bus  parity  error  deteoted 


23-17 


EADI  options:  1 - ON 

23 17 

0 0 0 0 0 0 1 

0 0 0 0 0 1 0 

0 0 0 0 1 0 0 

0 0 0 1 0 0 0 

0 0 1 0 0 0 0 

0 1 0 0 0 0 0 

1 0 0 0 0 0 0 


V-NAV  (vertical  navigation) 
FLT  dir  (flight  director) 
SPD  ERR  (speed  error) 

ILS 

RUNWAY 

TV 

Spare 


EADI  mode: 

16-14  re 14 

0 0 0 

0 0 1 
0 1 0 


LAND 

CRUISE 

TEST 


Pitch  reference  AIM: 

13  0 MAN  (manual) 

1 AUTO 

AFCS  select: 


12-9  U 9 

0 0 0 0 
0 0 10 
0 10  0 
10  0 0 


AUTO  ) 

AFCS  1 I Provisions  for 

AFCS  2 I future  AFCS 

AFCS  3 I integration 


FIGURE  4-4.-  EADI  MODE  WORD  FORMA! 


5.0  FOUR-DIMENSIONAL  GUIDANCE  REQUIREMENTS 


5.1  GENERAL 

To  tly  a path  in  4D  with  acceptable  time  errors,  it  is  necessary  to  define  the  horizontal 
(2D)  and  vertical  (3D)  path  in  more  detail  than  is  currently  required  by  the  ARINC  561 
navigation/guidance  systems.  In  particular,,  the  transition  path  from  the  inbound  leg  to  a 
waypoint  to  the  outbound  leg  must  be  defined  in  deiail.  The  necessity  for  such  detail  stems 
from  the  fact  that  the  4D  speed  commands  are  derived  in  part  using  distances  that  are 
presumed  to  reflect  the  actual  length  of  the  path  followed  by  the  aircraft  in  flying  from 
waypoint  to  waypoint.  In  the  terminal  area  especially,  the  difference  between  the  actual 
length  of  the  path  flown  by  the  airplane  and  the  sum  of  the  distances  between  each 
successive  pair  of  waypoints  is  large  enough  to  have  a significant  degrading  effect  on  4D 
system  performance  if  that  difference  is  not  taken  into  account. 

The  impact  of  these  considerations  on  the  guidance  system  has  many  aspects,  which 
are  covered  in  the  following  sections.  One  is  that  detailed  definition  of  the  path  must  be 
computed  and  stored  for  the  duration  of  the  flight.  This  benefits  the  display  programs 
because  quantities  needed  by  the  displays  will  have  been  calculated  in  the  guidance  routine. 
Another  impact  of  4D  is  that  the  basic  data  from  which  the  path  is  defined  must  include 
altitude,  velocity,  and  time  information.  Furthermore,  en  route  modifications  to  the  flight 
plan  such  as  waypoint  location  changes  or  the  addition  of  waypoints  will  necessitate  a 
complete  reexecutiou  ot  the  path-planning  portion  of  the  guidance  routine.  Special  types  of 
maneuvers  such  as  270°  turns  about  a VORTAC  facility  will  require  special  methods  for 
entering  the  flight  plan  data  so  that  the  path  definition  part  of  the  guidance  program  will 
“understand”  how  to  format  the  information  for  the  basic  guidance  package. 

5.2  COORDINATE  SYSTEM  AND  NOTATION 

The  coordinate  system  used  by  the  guidance  routine  shall  be  an  eartn-centered, 
right-hand  orthogonal  coordinate  system  as  shown  in  figure  5-1.  The  X-axis  of  the  system 
shall  be  the  polar  axis,  positive  north.  The  Z-axis  shall  pierce  the  Greenwich  Meridian  at  the 
equator.  Latitudes  shall  be  positive  in  the  northern  hemisphere  and  negative  in  the  southern 
hemisphere.  Longitudes  shall  be  positive  if  measured  east  from  the  Greenwich  Meridian. 

When  the  airplane  is  flying  along  a guidance  path,  the  waypoint  immediately  behind 
the  airplane  shall  be  termed  PI ; the  upcoming  or  TO  waypoint  shall  be  termed  P2;  the  one 
after  that,  P3,;  and  so  forth,  as  illustrated  in  figure  5-2. 

5.3  ORGANIZATION  OF  THE  PROGRAM 

The  guidance  software  program  will  feature  three  main  routines:  1 ) path  definition, 
2)  horizontal/vertical  guidance,  and  3)  time  guidance. 


5.3.1  Path  Definition  Program  (PATHDF) 


The  path  definition  program  sha'i  calculate  detailed  path  data  from  a provisional  flight 
plan  and  enter  these  data,  properly  scaled,  in  a 4D  guidance  buffer.  The  format  of  the  two 
guidance  buffers  is  shown  in  table  5-1.  If  no  flight  plan  has  previously  been  entered  in  the 
system,  the  path  definition  program  shall  fill  guidance  buffer  1.  If  a flight  plan  has 
previously  been  entered  and  accepted,  it  shall  constitute  the  active  path,  and  execution  of 
the  PATHDF  program  shall  fill  the  guidance  buffer  not  containing  the  active  path.  In  this 
way,  detailed  information  about  a provisional  path  may  be  calculated  and  examined  prior  to 
accepting  it  as  the  active  path. 

The  quantities  in  both  guidance  buffers  shall  be  accessible  by  the  real-time  guidance 
routines,  HVGUID  and  TGUID,  and  by  other  programs  in  the  computer.  However,  no 
changes  shall  be  made  in  these  buffers  except  via  the  path  definition  program. 

The  path  definition  program  shall  receive  its  input  data  from  the  NCDU,  punched  tape, 
and  the  bulk  data  stored  in  the  computer. 

Machine  language  labels  for  quantities  appearing  in  the  active  guidance  buffers  shall 
bc^n  with  the  prefix  WP,  and  those  in  the  provisional  buffer  shall  begin  with  PW  (see  table 
5-4).  For  example,  the  groundspeed  assigned  to  a waypoint  in  the  active  buffer  shall  be 
named  WPV,  whereas  the  same  quantity  in  the  provisional  buffer  shall  be  named  PWV. 

5. 3. 1.1  Two-Dimensional  Flight  Plans 

The  minimum  input  data  required  by  the  path  definition  program  to  define  a 2D  path 
shall  be  a list  of  waypoint  locations  specified  in  terms  of  latitude  and  longitude.  It  shall  be 
possible  to  input  waypoint  names  or  the  names  of  geographic  points  instead  of  waypoint 
latitudes/longitudes,  providing  the  latitudes/longitudes  corresponding  to  these  names  are 
stored  in  the  bulk  data  storage  unit.  It  shall  be  possible  to  describe  a waypoint  by  entering  a 
reference  waypoint  and  a range  and  bearing  from  that  reference.  Other  possibilities  for 
inputting  2D  data  may  be  programmed,  but  those  mentioned  above  shall  be  considered  a 
minimum  requirement. 

In  all  cases  the  path  definition  program  shall  compute  or  assign  to  the  waypoint  buffer 
the  following  quantities,  which  pertain  directly  to  the  2D  guidance; 


WPLT 

Waypoint  latitude 

WPLG 

Waypoint  longitude 

WPRTN 

Waypoint  radius  of  turn 

WPPPD 

Waypoint  point-to-point  distance 

WPCCD 

Waypoint  center-to-center  distance 

WPTA 

Waypoint  turn  angle 

WPA02  Waypoint  1 /2  arc  length  of  turn 

WPDTT  Waypoint  distance  to  tangent  point 

WPMV  Waypoint  magnetic  variation 

The  above  are  illustrated  in  figures  5-2  and  5-3. 

The  other  quantities  in  the  waypoint  buffer  shall  be  assigned  dummy  values,  such  as 
zero,  if  3D/4D  data  arc  not  entered  in  the  flight  plan.  A 2D  flag  shall  be  set  if  and  only  if 
the  information  input  to  the  path  definition  program  is  adequate  to  define  the  2D  path  and 
the  path  definition  calculations  have  been  executed. 

5. 3. 1.2  Three-Dimensional  Flight  Plans 

The  minimum  input  data  required  by  the  path  definition  routine  to  define  a 3D  path 
shall  include  the  minimum  required  to  define  a 2D  path  plus  an  altitude  specified  for  each 
waypoint.  It  shall  be  possible  to  enter  an  altitude  by  specifying,  via  the  NCDU  or  tape,  the 
waypoint  altitude  in  feet  or  the  flight  level  number  corresponding  to  that  altitude.  The 
quantities  computed  or  entered  by  the  PATHDF  program  for  a 3D  flight  plan  in  the 
waypoint  buffer  include  those  computed  for  the  2D  flight  plan  in  addition  to: 

WPH  Waypoint  altitude 

WPGAM  Flightpath  gradient  inbound  to  waypoint 

Tlie  other  quantities  in  the  waypoint  buffer  that  do  not  result  from  the  2D/3D 
calculations  shall  be  assigned  a dummy  value,  such  as  zero,  unless  sufficient  data  to  define  a 
4D  path  have  been  entered  in  the  flight  plan.  A 3D  flag  shall  be  set  if  and  only  if  the 
information  input  to  the  path  definition  program  is  adequate  to  define  the  3D  path  and 
these  calculations  have  been  executed. 

5.3. 1.3  Four-Dimensional  Flight  Plans 

The  minimum  input  data  required  by  the  path  definition  program  to  define  a 4D  path 
shall  include  the  minimum  requirements  for  a 3D  path  definition.  In  addition,  the  data  shall 
include  a groundspeed  assigned  to  each  waypoint  and  a planned  time  of  arrival  at  one 
waypoint.  If  two  or  more  arrival  times  are  specified  as  well  as  all  waypoint  velocities,  the 
program  will  reject  all  arrival  times  except  the  last.  Other  techniques  for  entering 
time/velocity  information  may  be  implemented  in  the  path  definition  program , however,  in 
each  case  the  program  will  compute  the  parameters  specified  for  3D  in  addition  to: 

WPV  Groundspeed  assigned  to  waypoint 

WPT  Time  to  fly  inbound  path  segment 

WPIT’A  Waypoint  planned  time  of  arrival 
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A 4D  flag  shall  be  set  if  and  only  if  the  information  inpui  to  the  pati.  definition 
program  is  adequate  to  define  a 4D  path  and  the  4D  path  definition  calcuirdions  have  been 
executed. 

Each  guidance  buffer  shall  accommodate  at  least  30  waypoints. 

5.3. 1.4  Structure  of  the  Horizontal  Path 

The  horizontal  path  defined  by  the  path  definition  routine  shall  consist  of  great  circle 
paths  between  succes.sive  waypoints  with  circular  arcs  at  each  waypoint  to  define  the 
transition  from  one  leg  of  the  path  to  the  next.  At  waypoints  where  a track  change  is 
required,  the  circular  arcs  shall  be  characterized  by  a turn  center  location,  a turn  radius,  and 
the  magnitude  of  the  track  change  required  at  the  waypoint. 

It  shall  be  possible  to  enter  the  turn  radius  at  a waypoint  via  the  NCDU  or  punched 
tape.  If  no  radius  is  assigned,  but  a groundspeed  is  designated  for  a waypoint,  the  path 
definition  program  shall  assign  a turn  radius  based  on  the  formula: 

R = V^/(g  tan0) 


where: 

R = radius  of  turn 

V = groundspeed  assigned  to  waypoint 
0 = nominal  bank  of  1 5“ 

g = gravitational  acceleration  (32.2  ft/sec^) 

If  neither  a groundspeed  nor  a turn  radius  is  entered,  the  path  definition  program  shall 
assign  a turn  radius  as  follows: 

R = 1 5,000  ft  when  the  waypoint  altitude  is  below 

15,000  ft;  otherwise  50,000  ft 

5.3. 1.5  Structure  of  the  Veitical  Path 

The  vertical  path  shall  be  based  on  the  altitude  difference  between  successive 
waypoints  and  the  center-of-turn  to  center-of-turn  distances  between  successive  waypoints 
as  computed  in  the  horizontal  guidance  calculations.  The  vertical  guidance  path  shall  consist 
of  a constant  gradient  transition  from  one  waypoint  a’titude  to  the  next.  A smooth 
transition  from  the  inbound  path  gradient  to  the  outbound  path  gradient  shall  be 
programmed. 
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5. 3. 1.6  Structure  of  the  Speed/Time  Profile 

The  speed  profile  shall  be  based  on  the  center-of-turn  to  ccnter-of-turn  distances  and 
the  velocity  assignments  to  each  waypoint..  The  time  to  fiy  each  leg  of  ‘he  path  shall  be 
computed  assuming  a con.stant  acceleration  from  the  speed  at  each  waypo  nt  to  the  speed  at 
the  ne.\t  waypoint.  The  planned  time  of  arrival  at  each  waypoint  shall  be  l omputed  from 
the  times  to  fly  each  leg  and  the  PTA  assigned  to  one  waypoint  via  the  NCDL  or  paper  tape. 

5.3.2  Horizontal  and  Vertical  Guidance  Program  (HVGUID) 

The  HVGUID  program  will  compute  the  position,  velocity,  and  acceleration  of  the 
airplane  relative  to  horizontal  and  vertical  paths  defined  m the  path  definition  program 
tP.VTHDF).  Furthermore,  HVGUID  will  generate  vertical  and  horizontal  steering  commands 
with  appropriate  limiting  and  filtering  for  use  by  a flight  control  computer.  These  steering 
comirands  shall  be  appropriate  to  capture  the  specified  guidance  path  and  subsequently 
minimize  the  airplane’s  lateral  and  vertical  deviations  from  the  path. 

The  basic  path  guidance  capability  is  augmented  by  the  additional  modes  listed  below: 

• Path  offsets  (parallel  offsets,  right  or  left,  from  a primary  guidance  path  at 
selectable  offset  distances) 

• Track  hold/select 

• Altitude  hold/select 

• Flightpath  angle  hold/select 

• Holding  pattern 

As  a iTiinimum  requiremeiit,  the  quantities  outlined  in  table  5-2  shall  be  computed  by  the 
HVGUID  software. 

The  following  quantities  shaF  be  computed  at  least  20  times/sec: 

XTK  Crosstrack  distance  (positive  to  right  of  path) 

TAE  Track  angle  error  (track  minus  desired  track) 

DSRTK  Desired  track  relativ-  to  true  north 

HER  Altitude  en  or  (command 

altitude  minus  actual  altitude) 

HDE  Altitude  rate  error  (commanded  rate  minus  actual  rate) 

HDDE  Vertical  acceleration  error  (commanded  acceleration 

minus  actu'.‘  acceleration) 
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5.3.3  Speed/Tiine  Guidance  Program  (TGUID) 


The  function  of  the  TGUID  program  shall  be  to  compute  the  position,  speed,  and 
acceleration  of  a command  spot  as  a function  of  time  while  the  airplane  is  flying  a 4D 
guidance  path.  The  TGUID  program  shall  also  compute  the  speed  associated  with  the  point 
on  the  path  abeam  of  the  airplane,  j.c.,  the  speed  of  the  command  spot  when  its  distance  to 
go  to  the  next  waypoint  in  the  airplane’s  path  is  equal  to  the  airplane’s  distance  to  go.  The 
TGUID  program  shall  compute  an  autothrottle  signal  appropriate  to  control  airplane  speed 
in  such  a way  as  to  minimize  the  aiong-track  separation  distance  between  the  airplane  and 
the  command  spot.  As  a minimum  requirement,  the  quantities  shown  in  table  5-3  shall  be 
computed  20  times/sec. 

5.3.4  Guidance  System  Alarm  Flag 

The  guidance  .system  shall  set  an  alarm  flag  whenever  one  or  both  of  the  following 
conditions  are  satisfied ; 

iXTK|>  15,000  ft 

IDTGjl  > |DTG._jl 

If  neither  condition  is  satisfied  subsequent  to  setting  the  flag,  it  shall  reset  to  its  no-alarm 
state. 

5.3.5  Machine  Language  Labels 

Tlie  machine  language  labels  defined  in  this  section  describe  the  parameters  used  by  the 
EADI,  MFD,  and  NCDU  programs.  Table  5^  summarizes  these  quantities,  their  units,  scale 
factors,  rates,  and  use. 

5.4  PROGRAM  INTERFACES 

5.4.1  Navigation/Guidance  Interface 

The  guidance  system  requires  the  following  quantities  from  the  navigation  computa- 
tions at  the  data  rates  specified  below: 


rate 

(updates/sec) 

Airplane  position 

Latitude 

20 

Longitude 

20 

Altitude 

20 

Airplane  velocity 

Groundspeed 

20 

Track  angle 

20 

rate 

(updates/sec) 

.Airplane  accelerations 

North 

20 

East 

20 

Vertical 

20 

Time 

GMT 

20 

5.4.2  Guidance/EADI  Interface 

The  guidance  program  will  provide  the  EADI  program  with  the  following  quantities 
Distance  to  go  (DTOGO) 

Altitude  error  (HER) 

Crosstrack  distance  error  (XTK) 

Upcoming  waypoint  names  (WPNAM 1 ; \VPNAM2) 

Beginning  of  turn  flag  (TURN) 

Halfway  through  turn  flag  (TEND) 

Distance  from  waypoint  at  which  turn  begins  (WPDTT) 

Track  angle  error  (TAE) 

Flightpath  angle  command  (PFPA) 

Waypoint  latitude  (WPLT) 

Waypoint  longitude  (WPLG) 

Waypoint  altitude  -WPH) 

Center-of-turn  to  center-of-turn  distance  (WPCCD) 

Turn  angle  at  waypoint  (WPTA) 

Longitudinal  acceleration  command  (SDDC) 


5.4.3  MFD/Guidance  Interface 

The  guidance  system  will  furnish  the  MFD  program  with  the  foUowing  quantities 
Airplane  track  angle  error  (TAE) 

Airplane  crosstrack  distance  (XTK) 

Airplane  acceleration -forward 
Airplane  acceleration -right 
Waypoint  latitudes  (WPLT) 

Waypoint  lon^tudes  (WPLG) 

Inbound  track  angles 
Arc  lengths  at  waypoints 
Waypoint  speeds  (WPV) 

Waypoint  scheduled  time  of  arrival  (WPPTA) 

Turn  tangent  point  latitude 
Turn  tangent  point  lon^tude 
Arc  length  of  turn 
Anticipation  point 
Type-of-waypoint  flag 
VORTAC  (in  use)  latitudes 
VORTAC  (in  use)  longitudes 
Turn  lead  distance  (DTTI) 


TABLE  5-1.-GUIDANCE  1 AND  GUIDANCE 2 DATA  BUFFERS 
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(a) 

(b) 


Name 

of 

Waypoint 

Latitude 

°/T80 

BO 

Longitude 

O 

00 

o 

BO 

Altitude 

ft 

B23 

Groundspeed 

kt 

B15 

Radius  of  turn 

ft 

B23 

Incremental  time  en  route 

sec 

B15 

1 Great  circle  distance 
1 

ft 

B23 

Waypoint  center-center  distance 

ft 

B23 

Flightpath  angle 

°/180 

BO 

Turn  angle  at  waypoint 

'’/360 

BO 

1 

Arc  distance  of  curve/2 

ft 

B23 

Distance  waypoint  to  tangent  points 

ft 

B23 

Planned  time  of  arrival 

sec 

B23 

Magnetic  variation 

°/180 

BO 

Pointer  to  navaid 

Bearing  from  turn  center 

°/360 

BO 

DME  arc  reference  latitude 

°/180 

BO 

DME  arc  reference  longitude 

“/IBO 

BO 

; 

Terminator  = 0 


(0 


1st 

wf.ypoint 


(WPPPD) 

(WPCCD) 


nth 

waypoint 

± 


^Bit  24  = 1 Provisional  path 
23  = 1 Flight  level  waypoint 
22  = 1 Use  lASREF  from  NCDU  for  display 


^Bit  24  = 1 For  DME  arc 

23  = 1 For  DME  arc  inhibit 

*^Bits  1 and  2: 

0 = Airway/route 

1 =SID 

2 = STAR 

3 = MAP 


Bit  22  = 1 Inhibit  radius  of  turn  calculation 
3 = 1 Do  not  display  waypoint  star  on  MFD 


TABLE  5-2.-REAL-TIME  COMPUTA TIONS  BY  HVGUID 


Name 

Definition 

ALCBA 

Nominal  bank  angle  during  a turn 

DMG 

Total  distance  made  good  along  the  path  by  the  airplane 

DTG 

Distance  from  the  abeam  point  (fig.  5-2)  to  the  upcoming  waypoint 
measured  on  a great  circle  path 

□TOGO 

Distance  from  the  abeam  pc'nt  to  the  center  of  the  upcoming  turn 

XTK 

Crosstrack  error 

TAE 

Track  angle  error 

AMG 

Absolute  value  of  turn  angle  made  good 

RALC 

{<ftALC/0  VGS 

DTTI 

WPDTT  + RALC;  distance  from  waypoint  at  which  to  apply  PHALC 

ALCXA 

Turn  angle  made  good  at  whkh  to  remove  PHALC 

DSRTK 

Track  cotnmand 

HER 

Altitude  error 

TABLE  &3.-REAL-TIME  CALCULATIONS  BY  TGUID 


Name 

Definition 

SDDC 

Command  spot  acceleration 

SDCC 

Command  spot  speed 

SC 

Distance  from  the  commano  spot  to  the  next  sheduled  waypoint  (see  fig.  5-3). 

SDC 

Speed  of  the  command  spot  when  it  is  at  the  point  where  the  airplane  is  now 

DTOGO+1 

Along-path  distance  to  go  of  the  command  spot 

SEPR 

Distance  measured  along  the  path  between  the  command  spot  and  the 
airplane  abeam  point 

SPDE 

Difference  between  SDC  and  the  airplane  groundspeed 

DMG 

Sum  of  legs  made  good  by  airplane 

DMG+1 

Sum  of  legs  made  good  by  command  spot 

ADMG 

Arc  distance  made  good  by  box  during  a turn 

f 


>■ 


> 


I- 


^ 


to 

•j 

Uj 

QQ 

-J 


§ 

§ 

CD 

O 

Ct 

Q. 

§ 

CD 


lo 

Uj 

-J 


OQ 

5 


Definition 

Waypoint  name  1 

Waypoint  name  2 

Waypoint  latitude 

Waypoint  longitude 

Waypoint  altitude 

Waypoint  groundspeed 

Waypoint  radius  of  turn 

Incremental  time 
(on  inbound  leg) 

Great  circle  distance  between  waypoints 
(on  inbound  leg) 

Along-path  distance  between  waypoints 
(on  inbound  leg) 

Gradient  of  flightpath 

Track  change  at  waypoint  ' 
(+  for  clockwise) 

Vi  arc  length  of  turn  at  waypoint 

Distance  from  tangent  point  to  waypoint 

Planned  time  of  arrival  at  waypoint 

Magvar  at  waypoint 

Used  by 

Other 

— 

3 

O 

O 

?. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

EAUl 

X 

X 

X 

X 

X 

X 

X 

X 

MFD 

— 1 
X 

X 

X 

X 

X 

X 

X 

GUID 

X 

1 

X 

> 

< 

z 

Routine 

PATHDF 



■ n 

LL 

O 

X 

< 

Q. 

Rate 

(updates/ 

sec) 

Scale 

NA 

< 

z 

±180 

±180 

n 

CM 

<N 

If? 

'In 

CO 

CN 

CN 

in 

CN 

CO 

CN 

CN 

CO 

CN 

CN 

±180 

±360 

CO 

CN 

CN 

CO 

CN 

CN 

CO 

CN 

CN 

O 

00 

+? 

Unit 

NA 

< 

z 

deg 

deg 

•*- 

sec 

deg 

deg 

sec 

deg 

Label 

WPNAM1 

WPNAM2 

WPLT 

WPLG 

WPH 

WPV 

WPRTN 

WPT 

Q 

0. 

c;. 

0. 

5 

WPCCD 

WPGAM 

WPTA 

WPA02 

WPDTT 

WPPTA 

WPMV 

i 
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NA  = not  applicable 


not  applicable 


m 


m 


Definition 

Track  angle  error  (TK  - DSRTK) 

Vertical  path  position  error  (HC  - ALT) 
(+  below  path) 

Vertical  path  commanded  altitude 

Vertical  path  commanded  velocity 

Vertical  path  commanded  acceleration 

Airplane  present  position  unit  vector 

Airplane  abeam  point  unit  vector 

j Abeam  point  unit  vector  during  turn 

Normal  path  vector  in  turn 

PO  address  pointer 

PO'  address  pointer 

PO'C  address  pointer 

U12C  address  pointer 

Initialize  waypoint  designation  number 

2D  reference  pointer 

'^BSS2-Cell  1 = 2D  scalar  pointer 
Cell  2 = 2D  vector  pointer 

TABLE  5-4.-CONTINUED 

1 

■ 

1 

1 

1 

1 

1 

■ 

1 

1 

1 

1 

1 

■ 

■ 

Used  by 

NCDU 

■ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

B 

1 

EADI 

1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

MFD 

1 

■ 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

I 

1 

QUID 

B 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

B 

IB 

■ 

■ 

■ 

■ 

NAV 

1 

■ 

I 

! 

k 

■ 

■ 

■ 

■ 

■ 

■ 

1 

1 

■ 

■ 

Routine 

Q 

D 

0 
> 

1 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

II 

■ 

D 

3 

X 

0>  O 

m -O 
<0 

— 0) 

■ 

■ 

■ 

1 

■ 

■ 

■ 

■ 

1 

■ 

■ 

■ 

Rate 

(updates/ 

sec) 

20 

20 

20 

20 

20 

20 

20 

20 

20 

NA 

1 

II 

1 

< 

i 

’<0  'ip 
0)  a> 

£ ^ 

*-•  ■«- 

O O oj 
<-*  — 
. </)  M ^ 

■ 

H 

■ 

m 

Scale 

±180 

CO 

CN 

04 

CO 

04 

CM 

in 

CM 

H 

O 

CM 

NA 

■ 

J < 

CO 

CM 

CM 

CO 

CM 

CM 

(U  O o 
£ £ Q. 

-c'*  & 

~ rr 

- a>  0^  O 

H 

■ 

■ 

Unit 

deg 

w 

ft/sec 

CM 

U 

V* 

one 

II 

NA 

1 

1 

■■ 

OO  c 

CM  '* 

'J)  < 

CD  Z 

(0 

II 

1 

1 

II 

Label 

TKE 

HER 

HC 

HDTC 

HDDC 

Od 

POP 

POPC 

U12C 

POADR 

POPADR 

POPCAD 

a 
< 
i c 
c\ 

1 r: 

CC 

H 

o. 

CL 

5 

(b)  PTR2D 
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BSS2— Cell  1 refers  to  the  airplane 
Cell  2 refers  to  the  time  box 

lA  = not  applicable 


DSRTK 


True  north 
Magnetic  north 


FIGURE  &2.-PATH  GUIDANCE  NOTATION 


6.0  NCDU  REQUIREMENTS 


6.1  GENERAL 

Tlie  iiavigjtion  control  and  display  unit  (NCDU)  is  a keyboard  and  CRT  readout  that 
interfaces  with  the  navigation  computer  unit  (NCU).  The  NCDU  keyboard  provides  the  pilot 
with  the  means  of  communicating  with  the  NCU  to  control  the  operation  of  the  navigation 
and  guidance  system  and  to  select  or  enable  some  display  functions.  The  NCDU  displays  a 
variety  of  alphanumeric  formats  to  present  the  pilot  with  detailed  data  required  to  monitor 
and  control  the  navigation  and  guidance  of  the  airplane  in  2D,  3D.  or  4D  flight  plans;  and 
provides  data  supplementary  to  the  primary  EADl  and  MFD  displays. 

The  NCDU  is  located  in  the  cockpit  on  the  central  instrument  aisle  stand,  immediately 
forward  of  the  tlap  lever.  Figure  6-1  shows  the  layout  of  the  NCDU. 

6.2  PHYSICAL  CHARACTERISTICS 

6.2.1  CRT  Display 

The  CRT  is  a 5-in.  diagonal  display  that  is  mechanized  to  provide  eight  lines  of  24 
characters,  totaling  192  characters.  The  characters  are  displayed  on  a raster  with  a 
horizontal  scan  frequency  of  8.1  kHz  and  a frame  rate  of  78  Hz.  Each  character  is  made  up 
from  a 5 by  7 dot  matrix.  The  full  characters  set  is  shown  in  figure  6-2.  together  with  the 
associated  ASCII  code. 

The  vertical  space  between  character  lines  is  three  scans  except  between  rows  1 and  2 
and  7 and  8,  where  it  is  six  scans.  Line  1 is  used  primarily  as  a title  line.  Line  8 is  the  data 
entry  line,  coupled  to  the  keyboard;  line  8 also  supplies  significant  cues  to  the  pilot 
concerning  requests  for  data  insert,  status,  and  malfunctions.  Line  8 cues  are  listed  in  table 
6-1.  A solid  wliite  line  is  placed  in  the  space  between  line  7 and  8 to  highlight  the  special 
function  of  line  8. 

6.2.2  Keyboard 

The  NCDU  keyboard  of  49  keys  is  a 7 by  7 matrix,  and  henceforth  in  this  document 
the  keys  on  the  NCDU  keyboard  are  identified  by  row  number/column  number,  as  shown  in 
figure  6-3. 

Tire  keyboard  is  segmented  into  four  categories: 

• Mode 

• Special  purpose 

• Dual  function 

• 


Single  function 


The  following  keys  are  mode  keys; 
Key 


location 

Key  label 

Key  function 

7-1 

INIT 

Initialization  data  entry  and  display 

7-2 

ATC  CLR 

ATC  clearance  data  entry  and  display 

7-3 

FLT  PLN 

Flight  plan  display  and  limited  data  entry 

7-4 

NAV  DATA 

Navigation  data  display  only 

7-5 

SEL 

Selection  of  outer  loop  control  modes  and 
associated  data  entry 

7-6 

LOOKUP 

Look  up  of  selected  data  from  the  computer  memory 

Note;  The  rotary  switch  positions  labeled  T (test),  A (automatic),  and  M (manual)  also 
act  as  mode  keys. 


Special-purpose  keys  are  the  following; 


1-1  ENT 

1- 7  UP 

2- 7  DN 
6-1  EXEC 

6- 7  REJ 

7- 7  CLR 


Transfers  to  the  NCU,  the  eight  words  of  data  correspond- 
ing to  line  8 of  the  NCDU,  and  puts  the  NCDU  into  an 
alphanumeric  disabled  mode  so  that  the  next  alphanumeric 
key  press  will  act  as  a dual-function  key 

Moves  (rolls)  data  up  by  one  line  on  the  NCDU  display 

Moves  (rolls)  data  down  by  one  line  on  the  NCDU  display 

Causes  provisionally  entered  data  to  be  transferred  to  a 
buffer  used  by  the  guidance  computation.  EXEC  is  also 
used  for  SEL  mode  activation. 

Cancels  provisionally  entered  data  and  removes  them  from 
the  respective  buffer.  REJ  is  also  used  to  cancel  SEL 
modes. 

Deletes  data  on  line  8 in  positions  10  through  24  by 
hardware  and,  optionally,  in  positions  1 through  9 by 
software.  After  CLR  has  been  pressed,  the  NCDU  software 
will  force  the  NCDU  back  into  the  alphanumeric  disabled 
mode  to  await  the  pressing  of  another  dual-function  key.. 


I 


t 


t 


f 


p 


> 


Dual-function  keys  include: 


Key 

location 

Key  label/function 

3-1 

A or  WPT  (waypoint) 

3-2 

B or  AWY  (airway! 

3-6 

F or  F/L  (flight  level ) 

3-7 

G or  ALT  (altitude) 

4-1 

H or  RTE  (company  route) 

4-2 

I or  RWY  (runway) 

4-6 

M or  GS  (groundspeed) 

5-1 

0 or  SID  (standard  instrument  departure) 

5-2 

P or  STAR  (standard  arrival  route) 

5-6 

T or  PTA  (planned  time  of  arrival) 

The  NCDU  software  routine  will  respond  to  the  first  press  of  the  above  dual-function 
keys  by  transmitting  in  the  next  64-word  page  transmission  from  the  NCU: 

• A bit  to  activate  the  alphanumeric  keyboard,  as  defined  in  section  6.3 

• A cue  message  on  line  8 in  positions  1 up  to  9 corresponding  to  the  key  pressed, 
i.e.,  3-1  WPT.  3-2  AWY.  etc. 

Additional  dual-function  keys  are. 


Key 

location  Key  label  Function 


1-2 

1-3 

1-4 


1 

2 

3 


Enters  the  indicated  number  on  line  8 or 
automatically  selects  the  listed  option 


} 
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1-6 


5 


2-2 

2-3 

2-4 

2-5 

2-6 


6 

7 

8 
9 
0 


Enters  the  indicated  number  on  line  8 or 
automatically  selects  the  listed  option 


Single-function  keys  are  all  other  keys  not  included  in  the  categories  defined  above. 


The  distinction  between  categories  of  keys  involves  both  hardware  and  software.  Mode 
keys  and  special-function  keys  are  wired  so  that  whenever  they  are  pressed,  the  key  code 
defined  in  table  6-2  is  transmitted  from  the  NCDU  directly  to  the  NCU.  The  NCU  interprets 
the  key  code  and  takes  the  appropriate  software  action  to  respond  to  the  key  command; 
generally,  a new  display  format  is  transmitted  from  the  NCU  to  the  NCDU. 


Dual-  and  single-function  keys,  which  together  include  all  the  numeric  and  alphabetic 
keys,  behave  in  the  same  manner  as  defined  above  the  first  time  they  are  pressed.  The  NCU 
software  interprets  the  key  code  to  determine  if  the  key  pressed  represents  a dual  function 
in  the  particular  mode  currently  selected  on  the  NCDU.  If  the  key  does  represent  a dual 
function  (i.e.,  key  3-1  = WPT),  a code  is  transmitted  to  the  NCDU  to  activate  the 
alphanumeric  data  entry  mode  (see  sec.  6.3.2).  Subsequent  presses  of  alphanumeric  keys 
cause  characters  to  be  loaded  into  line  8 of  the  display  through  the  NCDU  hardware  (i.e., 
key  3-1  = A). 


If  the  key  pressed  first  (i.e.,  key  3-4  - D)  does  not  represent  a dual  function,  the  NCU 
software  will  not  respond  by  activating  the  keyboard  for  alphanumeric  data  entry,  and  the 
key  press  is  ignored.  These  single-function  keys  can,  however,  be  used  as  dual-function  keys 
by  changing  the  NCU  software.  This  mechanization  ensures  flexibility  for  growth  and 
optimization. 


When  the  keyboard  is  enabled  for  alphanumeric  data  entry,  the  character  corre- 
sponding to  the  next  key  pressed  will  appear  on  line  8 in  position  10,  the  next  in  position 
11,  and  so  on  until  15  keys  have  been  pressed.  Subsequent  presses  of  dual-  and 
single-function  keys  are  ignored  until  key  ENT  has  been  pressed.  Tire  result  of  pressing  a 
mode  key  or  special-purpose  key  other  than  ENT  during  a data  entry  sequence  (i.e.,  prior  to 
pressing  the  ENT  key)  will  be  identical  to  that  of  the  CLR  key. 


Key  2-1  is  unique  in  that  although  the  key  cap  is  decimal  (.),  when  it  is  pressed  for 
numeric  data  entry  a slash  (/)  symbol  will  appear  on  line  8.  After  ENT,  the  NCU  will  change 
the  coding  so  that  data  displayed  on  lines  1-7  will  have  . substituted  for  /. 
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6.2.3  Subsidiary  NCDU  Features 


The  NCDU  contains  two  rotary  switches  and  two  annunciators  (see  fig.  6-1); 

• Mode  select  switch 

The  switch  can  be  placed  m T (test),  A (automatic),  or  M (manual)  modes  at  the 
pilot’s  discretion.  The  A and  M positions  are  intended  for  multiple  NCDU 
installations  and  will  not  be  used  for  ADEDS.  The  T position  will  activate  an 
NCDU  and  NCU/PCU  interface  test  (see  sec.  6.7). 

• Brightness  switch 

The  brightness  of  the  NCDU  format  can  be  adjusted  for  personal  light  levels. 

• ALERT  light 

An  AT.ERT  discrete  is  issued  at  1 0 sec  time  to  go  (TTG)  prior  to  reaching  the  turn 
point  for  the  next  waypoint,  and  will  extinguish  when  the  turn  is  initiated. 

• FAIL  light 

The  NCU  shall  issue  a FAIL  discrete  upon  detection  of  a failure  by  its  BITE 
system.  This  output  is  combined  through  a logic  OR  circuit  with  the  NCDU 
monitor  to  drive  the  FAIL  annunciator. 

6.3  NCDU/NCU  INTERFACE 

6.3.1  Hardware 

Data  from  the  NCDU  to  NCU  are  transmitted  by  an  ARINC  515  digital  data  bus.  The 
format  of  the  data  transmission  is  either  one  word  or  eight  words,  as  defined  below.  A 
discrete  called  end  of  transmission  (ETD)  is  also  transmitted. 

An  ARINC  575  digital  data  bus  also  transmits  data  from  the  NCU  to  NCDU.  The 
transmission  always  consists  of  a 64-word  page,  each  word  containing  three  character  codes 
for  a total  of  1 92  characters.  The  64-word  page  is  transmitted  at  a repetition  rate  of  once 
per  second. 

In  addition  to  the  digital  data  buses,  the  NCU  transmits  discretes  for  new  page  (NPD), 
waypoint  alert  (ALERT),  and  NCU  failure.  Two  discretes  for  parity  checking,  PARI  and 
PARC,  are  not  used  for  ADEDS. 

6.3.2  Interface 

The  NCDU  display  format  is  updated  by  a complete  64-word  page  transmission  from 
the  NCU  once  per  second.  This  data  transmission  is  preceded  by  the  NPD.  Bit  31  in  the  last 
word  controls  the  mode  of  operation  of  the  dual-function  keys.  A 1 in  bit  3 1 activates  the 
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n»v  s . 


alphanumeric  keys  for  entry  and  display  on  line  8 of  the  display,  startii.g  at  character 
position  number  10.  Fifteen  characters  can  be  keyed  in;  additional  characters  are  ignored. 

Pressing  the  ENT  (enter)  key  results  in  eight  words  being  transmitted  to  the  NCU 
followed  by  an  ETD  discrete.  The  next  64-word  page  transmission  wilt  have  bit  31  set  to 
zero  in  the  last  word.  The  NCDU  dual-function  keys  are  now  set  to  their  function  mode, 
with  alphanumeric  data  entry  disabled. 

Pressing  CLR  (clear)  erases  the  data  on  line  8 from  positions  10  through  24,  and  causes 
one  word  followed  by  the  ETD  discrete  to  be  transmitted  to  the  NCU.  The  NCU  software 
sets  bit  31  to  zero  in  the  last  word  of  the  next  64-word  transmission  and  sets  all  of  line  8 to 
blanks. 

Pressing  any  other  mode  or  special-function  key  causes  one  word  followed  by  the  ETD 
discrete  to  be  transmitted  to  the  NCU,  which  responds  by  formatting  a new  64-word  page 
with  bit  3 1 in  the  last  word  set  to  zero.  Any  data  keyed  into  tine  8 are  erased  in  a manner 
similar  to  the  CLR  operation. 

When  bit  31  in  the  last  word  has  been  set  to  zero,  the  dual-function  keys  behave 
exactly  like  the  mode  and  special-function  keys,  and  cause  one  word  to  be  transmitted  to 
the  NCU  when  they  are  pressed. 

6.3.3  Buffers 

Several  memory  buffers  in  the  NCU  are  associated  with  NCDU  data  processing: 

• Provisional  guidance  buffer  (table  6-3) 

• Origin/destination  buffer  (table  6-4) 

• Pilot-created  waypoint  data  buffer  (table  6-5) 

• Look-up  data  buffer  (table  6-6) 

6.4  INTERFACE  FAILURE  PROTECTION 

There  is  no  interface  parity  detection  logic  mechanized  for  the  NCU/NCDU  digital 
interface.  All  words  are  transmitted  with  odd  parity,  and  discretes  PARI  and  PARO  are 
provided  for  parity  failure  annunciation.  However,  the  NCU/NCDU  interface  for  the 
ADEDS  system  will  not  use  these  provisions.  Data  with  bad  parity  will  be  accepted  and  used 
for  display.  Since  the  display  is  updated  once  per  second,  random  parity  errors  are 
unimportant.  Persistent  parity  errors  will  be  detected  by  garbled  display  text. 

Protection  against  NCU  malfunction  is  provided  by  the  NCU  valid  discrete,  which 
drives  the  FAIL  light  on  the  NCDU.  The  internal  NCDU  monitors  drive  this  FAIL  light. 


222 


6.5  NCDU  MODES 


The  NCDU  modes  are  activated  by  mode  keys  7-1  through  7-6,  defined  in  section  6.2.2 
and  shown  in  figure  6-1 . The  display  formats  and  operating  procedures  associated  with  these 
modes  are  described  in  this  section. 

The  abbreviations  used  on  the  NCDU  display  are  defined  in  table  6-7,  together  with  the 
label  used  to  identify  each  parameter  in  the'  NCU  software.  The  cue  messages  used  on  line  8 
of  the  display  are  listed  in  table  6-1 . 

6.5.1  INIT  (Initialize)  Mode 

The  initialize  mode  is  controlled  by  a dedicated  mode  key  with: 


Legend 

INIT 

Position 

7-1 

Code 

11100101 

When  power  is  applied  to  the  NCU,  the  NCDU  display  will  automatically  display  the 
INIT  mode  display  format,  and  the  data  last  entered  during  the  previous  power-on  period 
will  be  displayed  with  the  following  cue  message  on  line  8: 

PRESS  1 FOR  NEW  ORIGIN 
This  situation  is  shown  in  figure  6-4a. 

If  the  power  off  has  been  due  to  a power  interruption,  or  if  there  is  no  requirement  to 
reenter  the  origin  airport,  pressing  CLR  will  cause  the  line  8 cue  to  be  replaced  by: 

CHECK  GMT/PRESS  3 

GMT  can  be  entered  at  the  operator’s  discretion  in  the  manner  defined  below,  or  the  cue 
can  be  eliminated  by  pressing  CLR.  After  either  action,  line  8 will  read: 

PRESS  # FOR  DATA  ENTRY 

If  the  power-on  sequence  is  the  start  of  a new  flight,  the  data  required  to  initialize  the 
system  will  be  entered  as  shown  in  the  following  example,  with  Boeing  Field  the  origin 
airport  and  KBFl  the  ICAO  designation: 

• Press  key  1 - The  cue  ORIGIN  will  appear  on  line  8. 

• Press  keys  K,  B,  F,  I,  ENT. 


KBFI  will  appe^ir  on  lino  2.  and  the  data  on  lines  3 through  6 will  go  blank.  A cue  on  line  8 
will  read; 


PRHSS  2 

In  addition,  when  the  FNT  key  is  pres.sed  to  enter  the  new  origin  airport,  all  data  will 
be  zeroed  in  the  active  and  provisional  guidance  buffers,  and  the  NCDU  display  formats  for 
ATC  CLR  and  FLT  PLN  modes  will  be  blank  except  for  lines  1 and  8.  (See  figs.  6-5a  and 
6-6a  for  ATC  CLR  and  FLT  PLN  formats.)  The  buffers  defined  in  tables  6-3  and  6-5  will 
also  be  zeroed  out. 

Tlie  destination  airport  (DFSTIN),  Greenwich  Mean  Time  (GMT),  and  barometric 
altimeter  setting  (BAROSFT)  will  be  entered  in  sequence,  in  the  manner  defined  above, 
after  the  origin  airport  (ORIGIN)  has  been  entered.  The  display  format  during  the  keying  in 
of  BAROSET  is  depicted  in  figure  6-4b. 

After  each  press  of  ENT.  the  cue  mess;iges  on  line  8 will  be  sequentially: 

PRESS  2 
PRESS  3 
PRESS  4 

PRESS  # FOR  DATA  ENTRY 

Line  1 always  displays  the  identification  number  of  the  computer  program,  shown  as  a 
date  in  figure  6-4.  New  data,  such  as  DESTIN,  GMT,  and  BAROSET.  can  be  entered  at  any 
time  during  fiight  if  a change  is  required. 

The  ORIGIN  and  DESTIN  airports  are  stored  in  the  origin/destination  buffer  defined 
in  table  6-4.  The  bulk  data  extraction  routines  will  use  this  buffer  to  aid  the  data  search,  and 
the  MFD  and  EADI  routines  use  this  buffer  to  process  runway  symbology  on  the  two 
displays. 

GMT  entry  will  normally  be  made  by  keying  in  a time  in  hours  and  minutes  in  advance 
of  the  present  time  and  by  pressing  ENT  when  time  is  synchronized.  Thereafter,  the  GMT 
display  on  the  INIT  page  will  be  dynamic.  For  example,  press  keys: 

0,  9,  1 . 5 

and  press  ENT  wnen  clock  time  is  9: 1 5 a.m. 


6.5.2  ATC  CLR  (ATC  Clearance)  Mode 


6.5.2. 1 General 

The  ATC  clearance  mode  is  controlled  by  a dedicated  mode  key  with' 


• 

Legend 

ATC  CLR 

• 

Position 

7-2 

• 

Code 

01 101000 

The  flight  clearance  issued  or  approved  by  Air  Traffic  Control  (ATC)  is  entered  into 
the  NCU  through  the  NCDU  ATC  CLR  mode.  There  are  two  exceptions  to  th's  rule: 

• ORIGIN  and  DESTIN  airports  must  be  entered  through  the  INIT  mode  as 
described  in  section  6.5.1.  If  an  alternate  airport  is  selected  in  flight,  the  DESTIN 
airport  should  be  changed  first.  Note:  This  restriction  is  a compromise  for 
handling  ease  of  bulk  data  memory,  especially  magnetic  tape  memory. 

• Altitude  (ALT)  or  flight  level  (FL),  groundspeed  (GS),  and  time  of  arrival  (PTA) 
schedules  can  also  be  entered  in  the  FLT  PLN  (flight  plan)  mode,  as  defined  in 
section  6.5.3.  This  provision  adds  flexibility  and  convenience. 

The  ATC  CLR  format  after  a clearance  has  been  entered  but  before  it  is  executed 
(accepted)  is  shown  in  figure  6-5a.  Data  entered  are  displayed  with  one  WPT  (waypoint), 
AV/Y  (airway),  RTE  (company  route),  SID,  or  STAR  per  line.  Simultaneously,  the  list  of 
waypoints  comprising  the  SID,  AWY,  etc.,  appear  on  the  FLT  PLN  page  as  defined  in 
section  6.5.3,  as  well  as  on  the  MFD  map  display  as  defined  in  section  2.0. 

Two  levels  of  data  entry  will  be  used:  provisional  (ENTered)  and  accepted 
(EXECuted).  The  data  entered  above  are  transferred  by  the  NCDU  routine  to  the 
provisional  guidance  buffer  (see  table  6-3)  via  the  guidance  path  definition  routine,  which 
calculates  the  details  of  the  flight  plan  path.  The  message  on  line  8: 

EXEC  OR  REJ 

gives  the  operator  the  cue  to  press  the  EXEC  (execute)  key  if  he  approves  the  entered  ATC 
clearance,  after  inspection,  on  the  NCDU  FLT  PLN  mode  and/or  the  MFD  map  display.  The 
entered  ATC  clearance  will  then  become  the  active  path  for  the  guidance  (GUID)  routine.  If 
the  clearance  is  not  satisfactory,  pressing  the  REJ  key  will  cause  the  last  provisionally 
entered  data  line  to  be  erased  from  the  ATC  CLR  page  on  the  first  press.  The  second  pre.ss 
will  cause  all  provisionally  entered  data  to  be  cleared  from  the  ATC  CLR  buffer  and  the 
provisional  guidance  buffer,  and  deleted  from  the  ATC  CLR  and  FLT  PLN  pages. 

ATC  clearances  can  be  divided  into  two  categories:  initial  clearance  and  in-flight 
diversion  or  reclearance.  For  convenience,  the  requirements  for  the  ATC  CLR  mode  will  be 


separated.  Section  6.5. 2.3  defines  initial  clearance  data  entry,  and  section  6.5. 2.4  defines 
in-flight  reclearance  data  entry. 

6.S.2.2  Formatting  Rules  for  ATC  CLR  Data  Entry 

Rules  for  the  entry  of  waypoints  using  the  WPT  key  are: 

« Present  position— Key  in  P,  P,  O,  S,  ENT  or  P,  O,  S,  ENT. 

• Airports- Key  in  standard  four-letter  ICAO  designator,  i.e.,  K,  B,  F,  I,  ENT. 

• VORs,  VORTACs,  and  nondirectional  beacons— Key  in  standard  FAA  three- 
character  code,  i.e.,  S,  E,  A,  ENT.  For  two-letter  Canadian  facilities,  repeat  the 
first  character  to  change  two-character  codes  into  three  characters. 

• GRPs  (intersections,  named  waypoints,  etc.)-Key  in  a five-letter  code  derived 
from  the  geographic  name  as  follows: 

• Less  than  five  letters  in  name  (i.e.,  RIO):  Expand  to  five  letters  by  repeating 
the  last  letter  (i.e.,  R,  I,  O,  O,  O,  ENT). 

• More  than  five  letters  in  name  (i.e.,  LOOKOUT):  Use  first  four  letters  and 
last  letter  (i.e.,  L,  O,  O,  K,  T,  ENT). 

• Multiple-word  name  (i.e.,  HALF  MOON  BAY):  Use  first  three  letters  of  the 
first  word,  and  first  and  last  letter  of  last  word  (i.e.,  H,  A,  L,  B,  Y,  ENT). 

• Range  and  bearing  from  a VORTAC  or  GRP  (three-  to  five-letter  designator): 


Key  in 

A,  B,  C,0,  3,  5,  1,0,  5, .,  5,  ENT 

where: 

ABC  = 

FA.A  VORTAC  designator 

035  = 

three-digit  magnetic  bearing 

105.5  = 

range,  which  may  be  one  to  five  characters  including  the 
decimal  point 

The  data  will  be  reformatted  for  display  as: 

ABC/0357  105.5 

• Latitude  and  longitude-Key  in  latitude  and  longitude  together,  i.e.,  N,  4,  7,  3,  2, 
.,  4,  W,  1,  2,  2,  1,  8, .,  7.  Minutes  of  latitude  and  longitude  must  be  keyed  in  with 
a leading  zero  when  less  than  10,  i.e.,  N,  4,  7,  0, 9, .,  6. 


The  data  will  be  reformatted  for  display  as: 

N 47°32.4/W  122°  18.7 

A designator  will  be  assigned  to  waypoints  WPTOl  through  WPTIO  corresponding  to 
the  sequence  number  of  latitude/longitude  or  bearing/range  waypoint  entered,  i.e.,  first 
entered  is  WPTOl,  next  is  WPT02.  These  waypoints  will  be  stored  in  the  pilot-created 
waypoint  buffer  defined  in  table  6-5.  On  the  FLT  PLN  page,  show  WPTXX  as  the  waypoint 
designator,  but  display  as  entered  on  ATC  CLR.  On  the  LOOK-UP  page,  show  the 
latitude/longitude  and/or  bearing/range  when  WPTXX  is  selected,  as  defined  in 
section  6.5.6. 

Note:  All  angular  data,  except  LAT  and  LON,  will  be  entered  and  displayed  with  three 
digits,  i.e.,  BRG  035  . 

Rules  for  SID  and  STAR  entry  in  ATC  CLR  are  that  if  no  exit  and  entry  waypoints  are 
specified,  the  NCDU  will  link  the  path  from  the  end  of  the  SID  or  STAR  to  the  following  or 
preceding  waypoint,  respectively.  SIDs  and  STARs  are  entered  by  using  the  first  three 
letters  of  the  name,  plus  runway  designator,  i.e.,  WILSON  CREEK  21  is  WIL21.  Entry  of  a 
SID  and  STAR  is  not  mandatory.  A sequence  of  waypoints  started  or  terminated  by  a RWY 
(runway)  can  be  entered  to  complete  the  path  definition. 

Rules  of  operation  for  AWY  and  RTE  entry  in  ATC  CLR  are  that  the  following 
sequence  of  entry  must  be  followed: 

WPT  B 

AWY  or  RTE  AE 

WPT  E 


where : 

B = 

entry  waypoint  on  airway  or  route  AE 

E = 

exit  waypoint 

If  the  rule  is  violated,  the  AWY  or  RTE  entry  will  be  ignored  and  the  cue  message: 
KEY  WPT 


will  be  displayed  on  line  8. 


If  a WPT,  AWY,  or  RTE  is  entered  and  cannot  be  found  in  the  bulk  data  memory,  a 
cue  message; 

NOT  IN  MEMORY 
will  be  displayed  on  line  8. 

If  a SID  is  entered  and  cannot  be  found,  a cue  message: 

NOT  IN  MEMORY  CHECK  ORIG 

will  be  displayed  on  line  8.  If  a STAR  is  entered  and  cannot  be  found,  a cue  message: 

NOT  IN  MEMORY  CHECK  DEST 
will  be  displayed  on  line  8. 

6.5. 2.3  Initial  Clearance 


The  route  data  entry  sequence  for  the  example  given  in  figure  6-5a  is: 

• Press  SID  key -Cue  SID  appears  on  line  8,  positions  1-3. 

• Press  W,  0,  0,  3,  I,  L,  ENT-W0031L  appears  on  line  7,  positions  1-6,  and  the  cue 
EXEC  or  REJ  appears  on  line  8,  positions  1-11. 

• Press  WPT  key-Cue  WPT  appears  on  line  8 in  positions  1-3. 

• Press  S,  C,  E,  N,  C,  ENT-SCENC  appears  on  line  7,  positions  1-5,  and  W0031L 
appears  on  line  6,  positions  1-6.  Cue  EXEC  or  REJ  appears  on  line  7,  and 
previously  entered  data  roll  up  one  line.  Data  on  line  1 disappear  from  view  at 
each  entry. 

ALT,  GS,  and  PTA  data  can  be  entered  immediately  after  a WPT,  AWY,  or  RTE  entry 
in  the  ATC  CLR  mode,  with  one  restriction.  After  AWY  and  RTE  entry,  ALT  and  GS  can 
be  entered,  but  PTA  will  be  ignored.  Note  that  no  ALT,  GS,  or  PTA  data  are  accepted  in 
ATC  CLR  after  SID  and  STAR  entry. 


A sequence  for  additional  data  entry  at  a waypoint  is  shown  in  the  example  beiow  for 
the  waypoint  Scenic: 


Altitude 
Groundspeed 
Time  of  arrival 


10,000  ft 
250  kt 

9.45’  15”  GMT 


Planned  values 


228 


• Press  WPT  key. 

• Press  S,  C,  E.  N,  C,  ENT-SCENC  will  appear  on  line  7. 

• Press  ALT  key-Cue  ALT  appears  on  line  8,  positions  1-3. 

• Press  1, 0,  0,  0,  0,  ENT-/ 10000  will  appear  on  line  7 in  positions  7-12. 

Note.  If  the  waypoint  entered  is  a range/bearing  or  a latitude/longitude  waypoint, 
the  ALT,  GS,  and  PTA  data  will  appear  on  the  line  below  the  waypoint. 

• Press  GS  key -Cue  GS  appears  on  line  8,  positions  1-2. 

• Press  2,  5,  0,  ENT-/250  will  appear  on  line  7 in  positions  13-16. 

• Press  PTA  key-Cue  PTA  appears  on  line  8,  positions  1-3. 

• Press  0,  9,  4.  5,  1.  5,  ENT-/0945;  15  will  appear  on  line  7 in  positions  17-24. 

The  resulting  display  format  is  shown  in  figure  6-5b.  When  ALT  (or  FL)  and  GS  are 
entered  for  a WPT,  AWY,  or  RTE,  the  values  will  be  cascaded  down  through  all  subsequent 
waypoints  on  the  path  up  to  the  first  waypoint  of  a STAR,  and  these  ALTs  and  GSs  will 
appear  on  the  FLT  PLN  page.  Note:  SIDs  and  STARs  will  be  prestored,  four-dimensional 
paths  in  the  ADEDS  system.  If  no  ALT,  FL,  or  GS  is  entered,  or  cascaded  down  to  a 
waypoint,  the  ALT,  FL,  and  GS  slots  will  be  blank  on  the  FLT  PLN  page.  When  one  PTA 
value  is  entered  for  a 'vaypoint,  PTAs  will  be  computed  for  all  waypoints  along  the  path 
until  a waypoint  is  reached  where  no  GS  has  been  specified.  These  PTA  values  will  appear 
on  the  FLT  PLN  page. 

When  the  operator  wishes  to  accept  the  flight  plan  data  entered  through  the  ATC  CLR 
page,  he  will  do  so  as  follows; 

• Ensure  the  NCDU  is  in  the  ATC  CLR  or  FLT  PLN  mode 

• Press  EXEC 

If  the  clearance  entered  does  not  terminate  in  a STAR  or  a runway  (RWY)  at  the 
destination  airport  (DESTIN  on  INIT  page),  then  the  cue  LINK  UP  will  be  added  to  the 
ATC  CLR  page  format  below  the  last  entry.  Figure  6-5c  shows  how  the  example  clearance 
in  figure  6-5a  would  be  terminated  if  STAR  WIL21  was  not  entered  at  the  time  the  path  was 
executed  and  if  the  path  was  subsequently  terminated  with  a STAR  (ROY21).  This  is  an 
example  of  a rcclearance  discussed  in  the  next  section. 

When  EXEC  is  pressed,  the  NCDU  will  designate  the  active  guidance  buffer  (AGBF), 
zero  out  all  provisional  bits  (word  1 , bit  24),  and  crossfill  the  other  guidance  buffer,  which 
will  be  labeled  provisional  (PGBF). 


6.S.2.4  Redearance  Data  Entry 

After  the  initial  clearance  has  been  entered  (ENT)  and  accepted  (EXEC),  the  route  can 
be  modified  at  any  time  through  the  ATC  CLR  mode.  ALT  or  FL,  GS,  and  PTA  can  be 
modified  through  the  FLT  PLN  mode,  defined  in  section  6.5.3. 

Reclearances  will  be  keyed  into  the  ATC  CLR  mode  in  the  same  manner  as  that 
described  in  section  6.5.2. 1 for  the  initial  clearance.  After  each  EXEC  key  press  in  the  ATC 
CLR  mode,  one  blank  line  will  remain  after  the  last  readout  of  the  accepted  clearance. 
Figure  6-5c  shows  the  situation  after  a reclearance: 

WPT  LOOKT 

WFT  ROYAL 

STAR  ROY21 

has  been  entered  and  EXEC  has  been  pressed. 

Twenty  lines  of  ATC  CLR  data  are  available  for  display,  using  the  UP  and  DN  keys. 
Successive  entries  in  excess  of  20  will  result  in  the  earliest  data  being  discarded  and  lost  for 
display  purposes. 

A reclearance  can  be  initiated  in  three  ways: 

• Reenter  the  ORIGIN  airport  on  the  INIT  page.  This  will  zero  out  all  buffers  and 
allow  entry  of  an  initial  clearance  as  defined  in  section  6.5. 2.3. 

• Enter  a waypoint  defining  a point  of  departure  from  the  existing  accepted 
clearance. 

• Enter  a waypoint  PPOS  (present  position)  as  follows:  Press  keys  WPT,  P,  P,  O,  S, 
ENT  or  WPT,  P,  O,  S,  ENT.  The  NCDU  will  designate  a WPTXX  in  the 
pilot-created  waypoint  buffer  using  the  latitude/longitude  of  the  present  position 
when  the  ENT  key  was  pressed. 

A reclearance  can  be  terminated  by  any  of  the  following: 

• Entry  of  a waypoint  on  the  previously  accepted  clearance 

• Entry  of  a new  DESTIN  (destination)  on  the  INIT  page  and  entry  of  a STAR  or 
RWY  for  that  airport 

If  neither  of  these  conditions  is  satisfied,  the  cue  LINK  UP  will  appear  at  the  end 
of  the  reclearance  after  EXEC  is  pressed. 
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Additional  niles  for  data  entry  of  reclearances,  over  and  above  those  defined  in  section 
6.5.3,  are  as  follows: 


• If  the  reclearance  “shortcuts”  the  accepted  path  by  bypassing  waypoints  on  the 
previously  accepted  flight  plan  path,  and  if  no  new  waypoints  are  involved,  a new 
PTA  schedule  will  be  computed  working  backward  from  the  end  of  the  defined 
path.  ALT  and  GS  will  remain  unchanged  unless  new  data  are  entered. 


• Any  new  waypoints  for  which  no  ALT,.  FL,  GS,  or  PTA  are  entered  will  remain 
blank  on  the  FLT  PLN  page,  and  GUID4D,  GU1D3D,  etc.,  will  be  set  to  zero 
when  such  waypoints  become  the  TO  waypoint.  The  PTA  schedule  downstream 
from  such  waypoints  will  also  be  blanked  out  on  the  FLT  PLAN  page  and  the 
guidance  buffer.  The  entry  of  ALT  (or  FL)  and  GS  values  for  the  new  waypoints 
will  correct  this  situation,  and  PTAs  for  all  waypoints  on  the  new  path  will  be 
reco^^^ed  by  holding  the  final  waypoint  PTA  equal  to  its  original  value. 

• If  the  path  guidance  has  been  overruled  by  pilot  action,  either  by  manual  control 
or  by  engaging  overriding  autopilot  modes,  the  GUID  routine  will  set  a flag 
LINKUP  when  it  detects  abnormal  conditions  in  the  path  guidance  calculations. 
Tlie  linkup  flag  will  be  set  whenever  DTG  to  the  TO  waypoint  is  increasing  or 
when  YER  is  greater  than  15,000  ft.  The  linkup  flag  will  be  inhibited  when  WPT 
HOLD  mode  is  activated  on  the  NCDU  SEL  1 page. 

When  the  LINKUP  flag  is  detected,  the  NCDU  will  set  the  cue  message: 


LINK  UP  PPOS  TO  WPT 


on  line  8 of  the  NCDU,  whatever  the  mode  selected.  This  message  will  be  removed 
from  all  pages  by  pressing  CLR  or  initiating  a reclearance  entry  in  the  ATC  CLR 
mode. 


Note:  The  message  LINK  UP  will  also  appear  on  the  EADI  and  MFD  displays. 

• When  a new  clearance  is  being  entered  (ENT)  and  then  accepted  (EXEC),  the 

NCDU  will  reorganize  the  active  and  provisional  guidance  buffers  as  follows: 

• During  provisional  entry,  the  provisional  guidance  buffer  will  build  up  a 
waypoint  sequence  and  computed  path  parameters  starting  from  the  current 
FROM  waypoint  or  PPOS,  i.e.,  PPOS  will  be  the  FROM  waypoint  in  this 
type  of  reclearance.  Each  waypoint  will  have  the  provisional  bit  (word  1 , bit 
24)  set  to  1 . The  active  guidance  buffer  is  unchanged. 

• When  EXEC  is  pressed,  the  provisional  guidance  buffer  is  relabeled  active 
(AGBF)  and  vice  versa.  All  the  provisional  bits  are  set  to  zero.  The  contents 
of  the  new  active  buffer  are  then  crossfilled  into  the  new  provisional  buffer 
sc  that  both  buffers  contain  the  same  data  until  a new  data  entry  sequence  is 
begun. 


6.5.2. 5 Missed  Approach  Path  (MAP) 

When  a STAR  or  runway  for  the  destination  airport  has  been  accepted  (EXEC) 
through  the  ATC  CLR  mode,  the  missed  approach  path  for  the  runway  will  be  stored 
automatically  in  the  provisional  guidance  buffer  when  the  aircraft  passes  either  the  defined 
final  approach  fix,  where  speed  control  reverts  to  airspeed  reference  (see  table  3-4),  or  the 
last  waypoint  on  the  path  prior  to  the  runway.  The  cue  EXEC  or  REJ  will  appear  on  line  8. 

This  provisional  path  can  be  accepted,  rejected,  or  modified  in  the  manner  defined  in 
section  6.S.2.4. 

6.5.3  FLT  PLN  (Flight  Plan)  Mode 
6.5.3. 1 General 

The  flight  plan  mode  is  controlled  by  a dedicated  mode  key  with: 


Legend 

FLT  PLN 

Position 

7-3 

Code 

11100110 

This  mode  is  used  to  display  the  waypoint  sequence  and  data  entered  in  the  ATC  CLR 
mode  (shorthand  entry).  Both  accepted  and  provisional  route  data  are  displayed.  The  3D 
and  4D  portions  of  a flight  plan  (FL,  ALT,  GS,  PTA)  can  be  entered  in  the  FLT  PLN  or 
ATC  CLR  mode.  Data  entered  in  the  FLT  PLN  mode  are  accepted  directly  into  the  active 
guidance  buffer  and  used  for  guidance. 

The  FLT  PLN  display  format  after  completion  of  ATC  CLR  entry  (defined  in  sec. 
6.5.2)  is  shown  in  figure  6-6a  for  the  first  press  of  the  FLT  PLN  key;  figure  6-7  shows  the 
format  when  the  FLT  PLN  key  is  pressed  for  the  second  time.  On  the  next  press,  page  1 
(FLT  PLN  1)  will  reappear.  The  FLT  PLN  1 format  centered  on  the  TO  waypoint  is  referred 
to  as  the  home  page. 

Both  FLT  PLN  display  formats  can  be  moved  up  or  down  using  the  UP  and  DN  keys. 
Each  press  causes  a movement  of  two  lines  up  or  down.  Pages  1 and  2 move  together,  so 
pressing  the  FLT  PLN  key  results  in  the  same  waypoints  being  on  lines  2,  4,  and  6. 

Whenever  a new  mode  is  selected  and  then  the  FLT  PLN  mode  reselected,  the  FLT 
PLN  v/ill  reappear  in  the  home  page  position,  which  has  the  TO  waypoint  marked  by  a 
symbol  on  line  4.  The  exception  to  this  will  occur  during  route  entry  through  the  ATC  CLR 
mode.  Selecting  FLT  PLN  during  the  ATC  CLR  entry  sequence  (prior  to  EXEC  or  REJ 
being  pressed)  will  cause  the  last  waypoint  entered,  or  last  waypoint  of  a SID  or  STAR 
entered,  to  appear  on  line  4 of  the  FLT  PLN  display.  Waypoints  from  a RTE  or  AWY  entry 
in  ATC  CLR  will  not  appear  on  the  FLT  PLN  page  until  the  exit  waypoint  is  specified. 


The  waypoints  on  the  page  will  move  up  two  lines  automatically  to  change  the  FROM, 
TO.  and  NEXT  waypoints  when  the  turn  is  initiated  to  start  the  circular  arc  tiansition  or 
DMF  arc.  The  new  TO  waypoint  will  now  be  on  line  4. 

If  the  FLT  PLN  page  has  to  be  slewed  UP  or  DN,  only  the  symbol  signifying  the  TO 
> waypoint  will  change  at  the  start  of  the  transition. 

Provisional  route  entries  through  ATC  CLR  will  be  identified  by  a ? in  position  1 
preceding  the  waypoint  name  (see  fig.  6-6b).  When  a provisional  waypoint  is  in  the  NEXT 
waypoint  position,  the  cue  EXEC  or  REF  will  Hash  (1  sec  on.  1 sec  ofO  on  line  8 of  ATC 
CLR  and  FLT  PLN  pages  at  2 min  Tl'G  to  the  waypoint.  If  no  action  is  taken,,  the  waypoint 
will  be  ignored  and  guidance  will  continue  to  be  based  on  the  accepted  clearance. 

If  the  ATC  clearance  entered  does  not  terminate  in  a STAR  or  RWY,  or  if  a reclearance 
does  not  rejoin  the'  previously  accepted  clearance,  the  cue  LINKUP  will  appear  instead  of  a 
waypoint  name  on  line  2.  4,  or  6 at  the  end  of  the  waypoint  list.  See  figure  6-6b. 

When  a SID  is  entered  in  ATC  CLR  for  the  origin  airport,  the  first  waypoint  on  the 
path  displayed  in  FLT  PLN  will  be  the  brake  release  point  (BR31L  or  BRP24).  This  will 
initially  appear  on  line  2 of  the  display,  i.e..  the  FROM  waypoint  position. 

When  a STAR  is  entered  in  ATC  CLR  for  the  destination  airport,  the  last  waypoint  on 
^ the  path  displayed  in  FLT  PLN  will  be  the  touchdown  point  (TDXXX  or  TDZXX). 

Latitude  and  longitude.,  bearing  and  range,  and  PPOS  waypoints  entered  through  the 
ATC  CLR  mode  will  be  displayed  as  WPTXX  on  the  FLT  PLN  page,,  where  XX  is  the 
sequence  number  automatically  assigned  by  the  guidance  routine. 

f 

When  a reclearance  is  accepted  (EXEC),  the  waypoint  sequence  displayed  on  the  FLT 
PLN  page  will  start  from  the  FROM  waypoint  at  the  time  of  entry.  Preceding  waypoints  will 
have  been  discarded  from  the  guidance  buffers  and  will  not  be  available  for  display. 

When  a reclearance  from  PPOS  has  been  accepted  (EXEC),  the  first  waypoint  in  the 
^ FROM  position  will  be  WPTXX,  where  WPTXX  is  the  waypoint  number  assigned  to  the 

present  position  in  the  pilot-created  waypoint  buffer  (table  6-5). 

When  a circular  arc  path  segment  is  included  in  the  provisional  or  accepted  clearance,  it 
will  be  annunciated  on  the  flight  plan  pages  on  the  line  between  the  waypoints  defining  the 
I end  points  of  the  curve.  The  annunciation  will  be 

TURN  L or  TURN  R 

in  positions  1-6. 

P 


233 


Wlien  u SUL  mode  data  entry  has  been  accepted  by  pressing  EXliC,  the  interaction  of 
the  SEL  inodes  (sec.  6.5.6)  with  the  FLT  PLN  displays  will  be; 

• HOLD  at  PPOS 

A waypoint  name,  i.e..  WPT09,  will  be  inserted  into  the  FLT  PLN  (see  fig.  6-6c) 
in  the  TO  waypoint  position,  and  HOLD  will  be  displayed  on  the  line  below  in 
positions  1-4.  WPT09  will  be  assigned  in  the  pilot-created  waypoint  buffer  (table 
6-5)  in  the  s;ime  manner  as  latitnde/longitude  and  bearing/range  waypoints. 

• HOLD  at  WPT 

Similarly,  HOLD  will  be  displayed  under  the  waypoint  named  on  the  SEL  page  in 
positions  1-4  if  the  holding  waypoint  is  on  the  flight  plan. 

• OFFSET,  TK  SEL,*  ALT  ENG,*  FPA  ENG,*  IAS  ENG* 

All  these  modes  will  be  annunciated  on  line  8 of  the  FLT  PLN  page  starting  from 
position  1 as  follows: 

SEL/OFS  or 

SEL/OFS/ALT/IAS 

6.5.3.2  FLT  PLN  1 Mode  (Home  Page) 

Tlie  FLT  PLN  page  1 format  includes  the  following  features; 

• Line  1,  positions  1-9,  shows  the  ORIGIN-DESTIN  airport  entered  in  the  INIT 
page. 

• Line  2 contains  the  FROM  waypoint,  line  4 shows  the  TO  waypoint,  and  the 
NEXT  waypoint  is  shown  on  line  6.  The  -^symbol  denotes  the  TO  waypoint. 

• Lines  2,  4,  and  6,  positions  9-13,  show  the  planned  altitude  (PALT)  for  each 
waypoint. 

• Lines  2.  4,  and  6,  positions  1 5-24,  give  the  planned  time  of  arrival  (PTA)  at  each 
waypoint,  as  calculated  by  the  guidance  routine. 

• Lines  3.  5,  and  7,  positions  9-14.  show  the  flightpath  angle  (PFPA)  required 
between  the  two  waypoints  to  connect  the  PALT  entered  on  the  line  above  and 
the  line  below  ( f means  UP). 


*These  modes  can  be  selected  externally  to  the  NCDU  on  an  autopilot  mode  control  panel. 


Lines  3,  5,  ami  7,-  positions  18-24,  show  the  planned  groundspecd  (PGS)  in  knots 
for  the  flight  leg  between  the  waypoints  on  the  lim-  above  and  the  line  below. 


Rules  for  entry  of  ALT  or  FL.  GS,  and  PTA  in  the  FLT  PLN  1 mode  are  as  follows. 

• Eaeh  entry  is  associated  with  the  waypoint  on  line  6. 

• ALT  (or  FL)  and  GS  entered  for  the  en  route  waypoint  will  cascade  down 
through  all  subsequent  en  route  waypoints  up  to  but  excluding  the  first  waypoint 
of  a STAR. 

• ALT  (or  FL)  and  GS  entered  for  a SID  or  STAR  waypoint  will  apply  to  that 
waypoint  only. 

• Entry  of  one  PTA  will  initiate  reeoinputation  of  all  PTAs  forward  and  backward 
along  the  path  until  a waypoint  is  reached  for  which  no  GS  has  been  entered. 

• If  a GS  is  changed  at  any  waypoint  after  the  PTA  schedule  has  been  calculated, 
the  PTA  schedule  will  be  recalculated  backward  from  the  end  of  the  defined  path. 
The  PTA  for  the  end  waypoint  is  unchanged. 

• If  the  keys  PTA,  REJ  are  pressed,  the  PTA  schedu'.,  for  the  whole  path  will  be 
eliminated  and  guidance  will  change  from  4D  to  3D. 

6.5.3.3  FLT  PLN  2 Mode 

The  FLT  PLN  page  2 format  (fig.  6-7)  includes  the  following  additional  features: 

• Lines  2..  4,  and  6,  positions  8-1 5,  show  the  remaining  distance  (REMD)  in  nautical 
miles  from  the  waypoint  to  the  end  of  the  defined  path  entered  through  the  .ATC 
CLR  mode. 

• Lines  2,  4,  and  6,  positions  17-24,  show  the  remaining  time  (P.EMT)  in  minutes 
from  the  waypoint  to  the  end  of  the  defined  path. 

• Lines  3,  5,  and  7,  positions  8-15,  give  the  leg  distance  (LEGD)  in  nautical  miles 
between  waypoints. 

• Lines  3,  5,  and  7.  positions  17-24,.  show  the  time  for  the  leg  (LEGT)  in  minutes. 

Theie  will  be  no  data  entry  capability  in  the  FLT  PLN  2 mode. 

Note:  Key  3-3  will  be  mechanized  as  a dual-function  key  for  use  in  the  FLT  PLN  mode 
so  that  the  radius  of  the  curved  transition  at  a waypoint  can  be  changed  for  test 
and  checkout.  The  method  of  data  entry  will  be,  for  example: 


Press  key  3-3 

Press  2,  0,  0,  0,  0,  ENT 

A radius  of  20,000  ft  will  be  used  at  the  waypoint  currently  on  line  6 of  the  display  format. 
6.5.4  NAV  DATA  (Navigation  Data)  Mode 
6.5.4. 1 General 

The  NAV  DATA  mode  is  controlled  by  a dedicated  mode  key  with: 


• 

Legend 

NAV  DATA 

• 

Position 

7-4 

• 

Mode 

11101100 

Each  press  of  the  NAV  DATA  key  brings  up  in  sequence  the  display  formats  NAV  DATA  1 
(fig.  6-8),  NAV  DATA  2 (fig.  6-9),  and  NAV  DATA  3 (fig.  6-10).  NAV  DATA  display 
parameters  are  defined  in  table  6-7. 

6.5.4.2  NAV  DATA  1 and  2 

The  NAV  DATA  1 page  displays  selected  data  for  monitoring  4D,  3D,  and  2D  flight 
plans,  as  well  as  current  navigation  statas.  The  NAV  DATA  2 page  displays  subsidiary 
navigation  parameters  and  current  navigation  status.  Neither  NAV  DATA  1 nor  NAV 
DATA  2 enables  the  keyboard,  and  data  cannot  be  entered. 

The  NAV  DATA  1 and  NAV  DATA  2 pages  will  have  blank  data  slots  under  the 
following  conditions; 


If  flag  GUID4D  is  not  set 

TE  blank 

TE/MIN  blank 

GSE  blank 

In  addition,  if  flag  GUID3D  is  not  set 

AE  blank 

FPAE  blank 

In  addition,  if  GUID2D  is  not  set 

ETA  blank 

TKE  blank 

XTK  blank 

TTG  blank 

DTG  blank 

f 


If  no  valid  true  airspeed  (TAS)  data  are  received  by  the  NCU 


} 


I" 


f 


I 


I 


WD  blank 
WS  blank 


If  no  valid  baro  altitude  (ALTB)  data  are  received  by  the  NCU  ALT  blank 

Note;  Whenever  a SEL  mode  is  activated,  the  corresponding  error  readout  on  the  NAV 
DATA  1 page  will  relate  to  the  SEL  value,  i.e.,  TKE  for  TK  SEL,  AE  for  ALT 
ENG,  FPAE  for  FPA  SEL.  ALT  ENG  and  FPA  SEL  are  mutually  exclusive,  so 
only  AE  or  FPAE  will  be  displayed. 


Line  8 on  NAV  DATA  1 and  NAV  DATA  2 shows: 

• Current  FROM-TO  waypoint  in  positions  1-11,  or  HOLD  WPT09,  or  FROM-TO 
waypoint  followed  by  OFS  if  the  WPT  HOLD  or  OFS  modes  are  activated 
through  the  SEL  1 mode  (sec.  6.5.5).  If  the  TK  SEL  mode,  i.e.,  320°,.  is  engaged 
through  the  AGCS  mode  panel,  TK  SEL  320°  will  be  displayed. 

• Navigation  status  code  (see  table  6-7)  in  positions  13-18. 

6.5.4.3  NAV  DATA  3 


The  NAV  DATA  3 page  shows  present  computed  position  and  navaid  tuning  data  and 
gives  tuning  selection  capability  as  defined  below. 

NAV  DATA  3 will  have  the  capability  of  entering  data;  NAV  DATA  1 and  2 will  not. 
In  normal  operation,  all  data  displayed  on  NAV  DATA  3 will  be  computed  and  displayed 
automatically.  POS  is  the  best  estimate  of  aircraft  position  computed  by  the  NAV 
subroutine,  and  NAVAID  1,  NEXT  1,  and  NAVAID  2 will  be  defined  by  the  NAV  autotune 
routine  from  the  FROM,  TO,  and  NEXT  waypoints  on  die  FLT  PLN.  The  data  entry 
capability  gives  the  operator  a means  of  overriding  the  autotune  station  selections. 

Initial  present  position  (PPOS)  can  also  be  entered.  This  entry  is  for  checkout  purposes 
and  will  be  disabled  when  groundspeed  (GS)  is  greater  than  5 kt. 

Data  entry  in  the  NAV  DATA  3 mode  will  be  mechanized  as  follows. 

• The  cue  PRESS  # is  displayed  in  line  8,  as  shown  in  figure  6-10. 

• Press  keys  1 through  5.  This  selects  the  type  of  data  entry  required  and  enables 
the  keyboard  for  data  entry.  Display  line  8 now  shows  the  name  of  the  data  entry 
selected; 

1 PPOS  (LAT) 

2 (LON) 


I 


3  NAVAID  #1 


4 NEXT  #1 

5 NAVAID  #2 

• The  required  data  can  now  be  keyed  in  by  using  the  appropriate  letter  or  number 
key.  Data  entered  on  lines  1 and  2 will  override  any  initial  latitude  and  longitude 
from  the  INS  when  groundspeed  is  less  than  5 kt.  Data  can  be  entered  on  lines  3 
and  5,  which  will  override  the  autotune  station  selection.  Reversion  to  the 
autotune  of  navaid  1 will  occur  when  keys  3,  REJ  are  pressed  in  the  NAV 
DATA  3 mode.  Similarly,  keys  5,  REJ  cause  reversion  to  the  autotune  of 
navaid  2. 

For  example,  to  tune  NAVAID  I to  Hoquiam  VORTAC  (HQM); 

• Press  key  3.  Cue  KEY  VOR  will  appear  on  line  3,  positions  1-7. 

• Press  H,  Q,  M,  ENT.  HQM  1 1 5.4  will  appear  on  line  4 in  positions  1 2-20. 

• Whenever  the  autotune  system  (see  sec.  7. 1.2.3)  is  unable  to  receive  acceptable 
DME  pulse  pair  data  for  navaid  1,  which  is  specified  by  the  flight  plan,  a flag 
RETUN  1 is  set  and  the  cue  RETUNE  NAVAID#!  will  appear  on  line  8 of  the 
NCDU  in  all  modes.  This  cue  disappears  when  CLR  is  pressed  and  will  not 
reappear  until  the  next  waypoint  is  pressed  and  the  same  condition  of  no 
acceptable  data  occurs. 

6.5.5  SEL  (Select)  Mode 

The  SEL  mode  is  controlled  by  a dedicated  mode  key  with; 


Legend 

SEL 

Position 

7-5 

Code 

01100111 

There  are  two  SEL  modes;  hold  modes  and  EADI  options.  Each  display  format  is  activated 
■ by  successive  presses  of  the  SEL  key. 

6.5.5. 1 SEL  1 -Hold  Modes 

The  first  and  third  press  of  the  SEL  key  will  bring  up  the  display  format  SEL  1 (see  fig. 
6-11),  and  the  cue  message  on  line  8; 

PRESS  # FOR  MODE  SELECT 
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The  selectable  modes  are: 


WPT  HOLD  Holding  pattern  at  a waypoint 

OFFSET  Flight  plan  path  parallel  to  the  path  defined 

in  ATC  CLR  and  FLT  PLN 

IAS  REF  Reference  airspeed  for  EADl  display 

ALT  REF  Reference  altitude  for  the  MFD  display 

RADIAL  Radial  symbol  selection  for  the  MFD  display 

The  SEL  1 modes  WPT  HOLD  and  OFFSET,  when  activated,  override  the 
corresponding  path  guidance  output  to  the  flight  controls,,  autothrottle,  and  EADl  display, 
and  cause  additional  symbology  to  appear  on  the  MFD. 

• WPT  HOLD 

• GUID-Lateral  path  guidance  output  suspended.  Acceleration  command  will 
revert  automatically  to  control  IAS  (see  table  6-8  for  lAS/ALT  values). 

• MFD-Holding  pattern  symbology  (see  sec.  2.4. 1 .7.6). 

• EADI-VNAV  symbology  deleted.  HOLD  displayed  below  the  waypoint 
designator. 

• OFFSET 

• GUID-Lateral  path  guidance  for  the  offset  path.  Time  navigation  continues 
on  original  path. 

• MFD-Offset  path  displayed,  original  path  shows  as  provisional.  Time  box 
stays  on  original  path. 

• EADI-VNAV  1 and  flight  director  options  driven  by  offset  guidance,  and 
OFFSET  added  below  waypoint  designator. 

The  additional  autopilot  select  modes,  controlled  by  an  external  autopilot  mode  select 
panel,  also  impact  the  guidance  and  displays  as  follows: 

• TK  SEL 

GUID-Lateral  path  guidance  to  hold  magnetic  TK  angle. 

• MFD-Track  select  symbology  displayed.  SEL/TK  displayed. 


• EADI-VNAV  and  flight  director  continue  to  reference  the  flight  plan  path, 
and  LINKUP  displayed  below  waypoint  designator  when  the  linkup  flag 
is  set. 

• ALT  ENG 

• GUID-Vertical  path  guidance  to  hold  altitude. 

• MFD-SEL/ALT  displayed. 

• EADI-VNAV  and  flight  director  continue  to  reference  the  flight  plan  path. 
SEL/ALT  displayed  below  the  waypoint  designator. 

• IAS  ENG 

• GUID— Autothrotile  output  to  hold  IAS  computed. 

• MFD-Time  box  continues  to  be  driven  by  4D  path  guidance.  SEL/IAS 
displayed. 

• E ADI- Acceleration  command  and  speed  error  respond  to  IAS  hold,  and 
SEL/IAS  displayed  below  the  waypoint  designator. 

• FPA  SEL 

• GUID-Vertical  path  guidance  to  hold  FPA. 

• MFD— SEL/FPA  displayed. 

• EADI-VNAV  and  flight  director  continue  to  reference  the  flight  plan  path. 
If  the  EADI  mode  panel  pitch  leference  line  switch  is  in  AUTO,  the  pitch 
reference  line  will  drive  to  HLDFPA.  SEL/FPA  will  be  displayed  below  the 
waypoint  designator. 

Note:  Simulatanec  js  modes  will  be  annunciated  SEL/ALT/IAS. 

SEL  1 modes  are  activated  as  follows; 

• WPT  HOLD 

To  hold  at  a waypoint  on  the  flight  plan  path  (see  FLT  FLN  mode,  sec.  6.5.3); 

• Press  key  1 . The  cue  KEY  WPT  will  be  displayed  bn  line  8. 

• Key  in  waypoint  designator,  i.e.,  R.  A,  N,  G,  R,  ENT.  RANGR  will  appear 
on  line  2,  positions  1 2-1 7,  and  cue  L-R/BRG  will  appear  on  line  8. 


• Press  CLR  key  if  a standard  right-hand  holding  pattern,,  oriented  on  the 
outbound  course  for  that  waypoint  as  defined  by  the  GUID  routine,  is 
required.  No  more  data  are  required.  Line  8 will  display  EXEC  OR  REJ. 

• Press  keys  L,  0.  7,  0.  ENT  if  a left-hand  holding  pattern  with  an  inbound 
course  of  070°  magnetic  is  required.  Line  8 will  display  the  cue  EXEC  OR 
REJ.  ?RANGR/L/070°  will  appear  on  line  2,  positions  12-23. 

• Press  the  EXEC  key  The  symbol  will  disappear  from  line  2 and  HOLD 
will  appear  below  RANGR  on  the  FLT  PLN  page.  The  NCDU  routine  will 
set  the  pointer  HLDWPT  to  the  address  of  the  hold  waypoint.  A zero  in 
HLDSEL  indicates  that  the  mode  is  not  engaged.  Also,  the  cell  HLDBRG 
will  be  set  to  the  inbound  course  in  degrees/360  (true),  with  bit  24  set  to  0 
for  a right-hand  pattern  and  1 fora  left-hand  pattern. 

• When  the  holding  pattern  is  initiated,  the  annunciation  on  line  8 of  the  NAV 
DATA  1 and  N.AV  DATA  2 pages  will  become  HOLD  RANGR. 

To  enter  a holding  pattern  at  present  position: 

• Press  key  1.  The  cue  KEY  WPT  will  be  displayed  on  line  8. 

• Press  keys  P,  P,.  0,  S.  ENT.  ?PPOS  will  appear  on  line  2.  positions  12-16,  and 
the  cue  L-R/BRG  will  appear  on  line  8. 

• Press  CLR  if  a standard  right-hand  holding  pattern  oriented  on  the  current 
TK  angle  (DSRTK)  is  desired.  The  line  8 cue  will  become  EXEC  OR  REJ. 

• Press  keys  L,.  0.  7.  0,  ENT  if  a left-hand  holding  pattern  with  an  inbound 
course  of  070°  magnetic  is  required.  The  display  on  line  2 will  become 
?PPOS/L/070°,  and  a cue  EXEC  OR  REJ  will  be  displayed  on  line  8. 

• Press  the  EXEC  key.  The  ? symbol  will  disappear  from  line  2,  and  the 
NCDU  will  designate  a waypoint,  i..  WPT09.  in  the  next  sequential  position 
available  in  the  pilot-created  waypo..,t  buffer  (table  6-5)  with  the  latitude 
and  longitude  of  the  present  position  at  the  instant  EXEC  was  pressed. 
WPT09  will  be  inserted  into  the  FLT  PLN  page  TO  waypoint  position,  with 
the  designation  HOLD  on  the  line  below.  Also,  the  annunciation  on  line  8 of 
the  NAV  DATA  1 and  NAV  DATA  2 pages  will  become  HOLD  WPT  09. 
The  pointer  HLDWPT  will  be  set  to  the  relevant  address  in  the  pilot-created 
waypoint  buffer,  the  cell  HLDBRG  will  contain  the  inbound  course  and 
pattern  direction,  and  the  flag  HLDSEL  will  be  set  to  nonzero. 

OFFSET 

• Press  key  2.  The  cue  message  L-R/OFS  will  appear  on  line  8. 

• Press  keys  R,  1 . 0,  ENT  for  10  nmi  offset  to  the  right. 


• ?R.10  will  appear  in  positions  12-15  on  line  3,  and  the  cue  EXEC  OR  REJ 
will  appear  on  line  8. 

• Press  EXEC  and  the  ? symbol  will  disappear;  the  message  SEL/OFS  wilt 
appear  on  line  8 on  the  FLT  PEN,  as  defined  in  section  6.5.3.  The  cell 
OFBIAS  (in  nautical  mi'es)  wilt  contain  the  offset  value  and  sign  (R  = +), 
and  the  flag  OFSSEL  will  be  set  to  nonzero. 

Note:  If  ALT  HOLD  is  also  activated,  the  FLT  PLN  line  8 message  will 
become  SEL/OFS/ALT. 

• ALT  REF 

• Press  key  1 . A cue  KEY  ALT  will  appear  on  tine  8. 

• Key  in  altitude,  i.e.,  I,  2,  0,  0,  0,  ENT.  The  numbers  12000  will  appear  on 
line  2 in  positions  13-17,  and  the  ALT  REF  symbology  will  appear  on  the 
MFD  as  defined  in  section  2.4.1 .9. 

• RADIAL 

• Press  key  2.  A cue  WPT/BRG  will  appear  on  line  8. 

• Key  in  waypoint  designator  and  the  radial  bearing  required,  i.e.,  SEA  035. 
SEA  1035°  will  appear  on  line  3,  positions  13-19,  and  the  radial  symbol 
from  SEA  will  appear  on  the  MFD  map  display,  as  defined  in  section 
2.4.1.7.14.  The  waypoint  can  be  from  two  to  five  characters  and  will  be 
labeled  RADWPT.  Bearing  will  be  labeled  RADBRG. 

ALL  SEL  1 modes  will  be  canceled  as  follows: 

• Press  the  appropriate  number  key. 

• Press  the  REJ  key.  The  mode  is  now  canceled  and  the  data  in  positions  13-24  will 
go  blank,  HOLD  annunciation  on  the  FLT  PLN  and  NAV  DATA  pages  will 
disappear,  and  the  GUID  routine  will  revert  to  normal  path  guidance.  The 
appropriate  flags  WPTSEL,  OFSSEL,  lASREF,  ALTREF,  and  RADIAL  will  be 
set  to  zero. 

6.5. 5. 2 SEL  2-EADI  Options 

The  second  press  of  the  SEL  key  will  bring  i:p  the  SEL  2 format  shown  in  figure  6-12. 


SEL  2 EADI  display  options  will  be  activated  as  follows: 

• Press  the  number  key.  SELECTED  will  appear  on  the  line  corresponding  to  the 
number  key  and  the  flag  VNAVF=1,  VNAVF=2,.  VNAVF=3  set.  Any  option 
previously  selected  will  be  canceled. 

• If  the  ENT  or  EXEC  key  are  pressed,  they  will  be  ignored. 

SEL  2 EADI  options  can  also  be  canceled  as  follows: 

• Press  the  number  key. 

• Press  the  REJ  key. 

6.5.6  Look-Up  Mode 
6.5.6. 1 General 

The  look-up  mode  is  controlled  by  a dedicated  mode  key  with' 


Legend 

LOOK  UP 

Position 

7-6 

Code 

01101110 

There  are  three  primary  look-up  modes:  status,  route  data  and  airport  data.  Each  display 
format  is  activated  by  successive  presses  of  the  LOOK-UP  key.  The  look-up  mode  interface 
with  the  MFD  display  is  controlled  by  the  look-up  data  buffer  (table  6-6). 

6.S.6.2  Status  (LOOK-UP  1 Mode) 

The  first  and  fourth  press  of  the  LOOK-UP  key  will  bring  up  the  status  page  (see 
fig.  6-13).  This  page  shows  the  current  status  of  all  systems  interfacing  with  the  NCU. 

The  EADI  bus,  MFD  1 bus,  and  MFD  2 bus  status  refiects  the  parity  detected  by  the 
PCU,  as  indicated  by  the  mode  word  (see  fig.  2-5). 

The  remaining  readouts  show  the  status  of  the  valid  discretes  received  by  the  NCU. 
Any  invalid  message  detected  will  cause  BAD  to  be  displayed  on  the  status  page  for  a 
minimum  of  10  sec',  and  the  cue  LOOK  UP-STATUS  will  appear  on  line  8,  whatever  the 
current  mode  selected  on  the  NCDU.  If  data  entry  is  in  process,  the  cue  LOOK 
UP-STATUS  wi’l  not  appear  until  ENT  has  been  pressed.  Pressing  the  CLR  key  will  clear 
this  message. 


6.5.6.3  Route  Data  (LOOK-UP  2 Mode) 

The  second  press  of  the  LOOK-UP  key  will  bring  up  the  route  data  page  (see  fig. 
6-14a).  This  page  allows  any  waypoint,  airway,  route,  or  SID  for  the  origin  airport,  and 
STAR  for  the  destination  airport,  to  be  examined.  The  mode  is  activated  by  using  the 
appropriate  function  key.  The  data  selected  will  also  appear  on  the  MFD  display. 

Function  key  data  selections  will  include; 

• WPT 


• Press  WPT  key,  and  key  in  designator,  i.e.,  R,  A,  N,  G,  R,  ENT.  The  display 
format  shown  in  figure  6-1 4b  will  appear.  The  ?— ? will  be  used  in  all  look-up 
modes  to  indicate  that  this  waypoint  is  the  potential  center  of  the  north-up 
MFD  map  display  as  defined  in  section  2.4.2.  To  make  the  waypoint  the 
map  center,  press  EXEC.  The  ?— ? will  change  to  <— >.  The  NCDU  will  use 
the  latitude  and  longitude  of  this  waypoint  to  set  LATCEN  and  LONCEN. 
The  last  waypoint  executed  (EXEC)  will  remain  the  map  center  unless  the 
REJ  key  is  pressed  when  the  waypoint  is  being  displayed  in  the  LOOK-UP 
page,  or  when  another  waypoint  is  EXECuted  on  another  LOOK-UP  page. 

• When  WPTOl,  etc.,  is  entered  as  the  waypoint  designator,  the  full  details  of 
the  waypoint  will  be  displayed,  including  latitude,  longitude,  range,  bearing, 
and  reference  navaid  in  the  case  of  a range/bearing  waypoint  (see  fig.  6- 14c). 
Lines  6 and  7 will  display  REF , followed  by  data  that  show  how  the  data 
were  formatted  during  entry  through  the  ATC  CLR  page. 

• AWY 

• Press  AWY  key,  and  key  in  designator,  i.e.,  V,  2,  N,  ENT,  The  display  format 
shown  in  figure  6-14d  will  appear.  The  ?— ? indicates  the  center  waypoint  on 
the  MFD  north-up  map  display. 

• If  EXEC  is  pressed,  the  ?— ? will  change  to  <— >,  as  defined  above.  In  this 
case,  pressing  the  UP  and  DN  keys  will  change  the  map  center  as  <— > stays 
on  line  3 and  the  waypoints  move  up  and  down.  The  cue  KEY  UP  PAGE 
CONTINUES  will  appear  on  line  8 if  the  AWY  has  more  than  five 
waypoints.  Pressing  UP  four  times  will  bring  the  last  waypoint  MLP  onto 
line  7,  EPH  to  line  3,  and  the  cue  on  line  8 will  disappear. 

• RTE-Identical  to  AWY. 

• SID  and  STAR-Similar  to  AWY  but  will  have  waypoint  altitude  (PALT)  in 

positions  10-14  and  PGSXXX  in  positions  16-21. 

Pressing  the  REJ  key  will  cause  the  look-up  data  buffer  (table  6-6)  to  be  zeroed  out 
und  the  NCDU  display  format  to  revert  to  figure  6-1 4a.  LATCEN  and  LONCEN  will  revert 
to  the  FLT  PLN  reference  waypoint. 
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6. 5. 6.4  Airport  Data  (LOOK-UP  3 .Mode) 

The  third  press  of  the  LOOK-UP  key  will  bring  up  the  airport  data  format  shown  in 
figure  6-1 5a.  The  cue  on  line  8 will  say  PRESS  1. 

• Press  key  i . Cue  will  change  to  KEY  ICAO. 

• Press  keys  K,  S,  E,  A,  ENT.  ?KSEA?  will  appear  on  line  2,  positions  13-16,  and 
the  cue  PRESS  # FOR  DATA  SELECT  will  appear  on  line  8. 

Note:  ?— ? indicates  potential  center  of  north-up  map  display  and  will  become  the 
map  center  if  EXEC  is  pressed,  in  which  case  ?— ? will  change  to  <— >. 
(See  fig.  6-1 5b.) 

Pressing  any  number  2 through  6 will  call  up  lists  of  runways,  SIDs,  STARs,  missed 
approach  paths  (MAPs),  and  communication  frequencies  stored  for  the  airport  specified  on 
line  2,  as  shown  in  figure  6-1 5c  for  runways;  figure  6-1 5d  for  SIDs,  STARs,  and  MAPs;  and 
figure  6-1 5e  for  communications  frequencies.  The  cue  KEY  UP  PAGE  CONTINUES 
indicates  that  the  list  continues.  Lines  1 and  2 remain  unchanged,  but  pressing  UP  will  cause 
data  to  cycle  up  through  lines  3-7  at  one  line  per  press. 

Reselecting  1 and  keying  in  an  airport  ICAO  designator  will  cause  the  display  format  to 
revert  to  that  shown  in  figure  6-1 5b.  Changing  mode  and  reselecting  LOOK-UP  3 will  also 
bring  up  the  display  format  shown  in  figure  6-1 5b;  i.e.,  once  entered,  the  airport  designator 
is  not  cleared  except  by  inserting  a new  origin  in  the  INIT  mode  (at  which  time  all  buffers 
will  be  cleared)  or  by  pressing  REJ  when  the  format  of  figure  6-1 5b  is  displayed. 

Further  branching  from  the  display  formats  defined  in  figures  6-1 5c  and  6-1 5d  allows 
detailed  data  for  each  runway,  SID,  STAR,  or  MAP  to  be  displayed.  For  example,  the 
selection  is  as  follows: 

• For  runway  34R  data  from  figure  6-1 5c  format-Press  key  5.  Display  changes  to 
that  shown  in  figure  6-1 5 f. 

• For  STAR  GOR  34R  data  from  figure  6-1 5d  format-Press  key  6.  Display  changes 
to  that  illustrated  in  figure  6-1 5g. 

The  format  in  figure  6-1 5g  applies  to  SIDs  and  missed  approach  paths  also. 

Pressing  REJ  at  any  time  in  the  LOOK-UP  3 mode  will  cause  the  display  format  to 
revert  to  the  next  lower  branch  page,  i.e.,  figure  6-1 5f  to  figure  6-1 5c,  etc. 


6.6  MFD  AND  NCDU  INTERRELATIONSHIPS 


6.6.1  North-Up  Map  Cteiiter 

This  section  summarizes  the  relationships  between  the  NCDU  and  the  MFD  north-up 
map  as  specified  in  sections  6.5.3  (FLT  PLN)  and  6.5.6  (LOOK  UP). 

The  map  center  coordinates  will  be  defined  by  the  NCDU  and  LATCEN  and  LONCEN. 
LATCEN  and  LONCEN  will  be  set  by  the  NCDU  in  one  of  three  ways,  defined  below  in 
ascending  order  of  priority. 

• At  initial  power  on,  or  when  ORIGIN  is  entered,  LATCEN  and  LONCEN  will  be 
updated  once  with  the  current  value  of  present  position,  latitude,  and  longitude. 

• When  ATC  clearance  entry  is  started,  LATCEN  and  LONCEN  will  be  updated  to 
the  latitude  and  longitude  of  the  waypoint  displayed  on  line  4 of  the  FLT  PLN 
page.  LATCEN  and  LONCEN  will  henceforth  correspond  to  the  waypoint  on 
line  4 of  the  FLT  PLN  page  throughout  all  manipulations  due  to  the  ATC  CLR 
data  entry  or  FLT  PLN  UP  and  DN  slewing.  However,  a map  center  chosen 
through  the  LOOK-UP  page  will  override  the  FLT  PLN  map  center. 

• LATCEN  and  LONCEN  will  be  set  to  the  latitude  and  longitude  of  a waypoint 
specified  on  any  of  the  several  LOOK-UP  page  formats  defined  in  section  6.5.6. 
This  is  mechanized  by  pressing  the  key  EXEC  when  the  symbology  ?— ? brackets 
the  desired  map  center  reference  waypoint.  The  ?— ? will  then  change  to  <— >, 
which  symbolizes  map  center.  The  look-up  map  center  point  can  be  changed  by 
pressing  EXEC  when  a different  LOOK-UP  page  is  selected  or  can  be  rejected  by 
pressing  REJ  when  the  LOOK-UP  page  with  <— > is  displayed.  In  this  case, 
LATCEN  and  LONCEN  will  revert  to  correspond  to  line  4 of  the  FLT  PLN  page. 

Two  cells  labeled  CENWPT  will  be  associated  with  LATCEN,  LONCEN  when  set  by 
the  look-up  mode.  Cell  1 will  contain  a pointer  to  the  address  of  the  map  center  point  in  the 
bulk  data  memory  or  pilot-created  waypoint  buffer.  Cell  2 will  contain  a code  to  identify 
the  symbol  required  on  the  MFD  display. 

0 = waypoint  star 

1 = navaid 

2 = GRP 

3 = airport 

6.6.2  Look-Up  Data 

Data  selected  on  the  LOOK-UP  2 and  LOOK-UP  3 pages  will  be  displayed  on  both  the 
north-up  and  track-up  MFD  map  modes.  The  data  to  be  displayed  are  defined  by  the 
look-up  data  buffer  (table  6-6),  which  includes  labels  LOKWPT  and  LOKBUF.  LOKWPl'  is 


two  cells  similar  to  CENWPT  defined  above.  LOKBUF  is  comprised  of  1 5 cells  containing 
pointers.  Zeros  in  cell  1 of  LOKWPT  indicate  that  no  waypoint  or  airport  has  been  selected. 
Zero  in  cell  1 of  LOKBUF  indicates  that  no  airway,  route,  SID,  STAR,  or  missed  approach 
path  has  been  selected. 

6.6.3  SEL  Mode 

WPT  HOLD,  OFFSET,  and  TK  HOLD  directly  impact  the  MFD  map  display  as  defined 
in  sections  2.4.1. 7. 6,  2.4. 1.7. 1.3,  and  2.4. 1.6.1,  respectively.  The  flags  WPTSEL,  OFSSEL, 
and  TKSEL  equal  to  nonzero  indicate  that  a SEL  mode  has  been  executed. 

6.7  NCDU  TEST  MODE 

The  NCDU  test  mode  is  initiated  by  setting  the  M/A/T  rotary  switch  (fig.  6-1)  to  the  T 
position.  A code  11010110  will  then  be  transmitted  to  the  NCU.  On  receipt  of  this  code, 
the  NCU  will  initiate  the  test  mode  defined  below.  When  the  switch  is  returned  to  the  A or 
M position,  causing  codes  10010111  or  010101 1 1 to  be  transmitted,  the  NCDU  will  revert 
to  the  display  format  selected  before  the  test  mode  was  activated. 

6.7.1  NCDU  Test  Mode 

The  test  format  defined  in  figure  6-16  will  be  displayed  on  the  NCDU.  The  pattern  will 
shift  left  one  position  every  second,  and  circulate  line  1,  position  1,  to  tine  8,  position  24, 
i.e.,  the  third  cycle  will  have; 

Line  1 BCDEF 


Line  8 


= ? Ab  (b  = blank) 


This  pattern  will  be  generated  by  starting  with  a seven-bit  designator  0000000  and 
adding  1 for  each  successive  character  to  generate  a 192-character  page.  The  second  cycle 
will  be  generated  by  starting  with  a seven-bit  code  0000001,  and  so  on. 

6.7.2  NCU  interface  Test  Mode 

When  the  test  switch  is  selected  on  the  NCDU,  the  NCU  will  generate  the  outputs 
defined  below  for  the  various  interfaces: 


Dc  analog 

Ac  analog-synchro 

Ac  analog- 2-wire 

Discretes 

MFD  SPBP  buses 

EADl  SPBP  bus 

561  and  575  buses 


Half  scale 
Equivalent  to  45° 

Half  scale 
28  V 

As  defined  in  section  2.5.2 
As  defined  in  section  4.5,2 
Data  content  alternative  1 and  0 with 
designation  matrix  set  to  TEST 


6.f  NCDU  SOFTWARE  LABELS 

The  machine  language  labels  for  the  variables  defined  in  section  5.6  are  summarized  in 
table  6-9.  These  labels  are  used  by  the  NAV,  GUID,  MFD,  and  EADI  programs. 
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TABLE  6-1. -CUE  MESSAGES  ON  LINE  8 


EXEC  OR  REJ 
LOOK  UP  - STATUS 
KEY  UP  PAGE  CONTINUES 
FORMAT  ERROR 
FORMAT  ERROR  PRESS# 
INVALID  FUNCTION 
INVALID  FUNCTION  PRESS# 
BUSY 

RETUNE  NAVAID  #1 

PRESS  1 FOR  NEW  ORIGIN 

PRESS  2 

PRESS  3 

PRESS  4 

ORIGIN 

DESTIN 

GMT 

BARC3ET 

PRESS  # FOR  DATA  ENTRY 

CHECK  GMT/PRESS  3 

SID 

WPT 

AWY 

RAD 

RTE 

RWY 

STAR 


GS 

ALT 

F/L 

PTA 

LINK  UP 

NOT  IN  MEMORY 

NOT  IN  MEMORY  CHECK  ORIG 

NOT  IN  MEMORY  CHECK  DEST 

LINK  UPPPOSTO  WPT 

KEY 

KEY  ALT 

WAYPOINT  BUFFER  FULL 
KEY  WPT  ON  AWY/RTE 
KEY  WPT  ON  PATH 
INVALID  THIS  WPT 
KEY  RWY  ON  PATH 
KEY  LAT 
KEY  LON 
KEY  VOR 

PRESS  # FOR  MODE  SELECT 

L-R/OFS 

WPT/BRG 

L-R/BRG 

PRESS  # FOR  DATA  SELECT 
KEY  ICAO 

PRESS  FUNCTION  KEY 


TABLE  6-2.-KEY  CODES 


Key 

Primary 

Dual 

function 

Code 

Key 

Primary 

Dual 

function 

Code 

MSB  LSB 

MSB  LSB 

1-1 

Enter 

✓V 

None 

5-1 

0 

SID 

01001111 

1-2 

1 

Option  1 

11110001 

5-2 

P 

STAR 

11010000 

1-3 

2 

Option  2 

11110010 

5-3 

Q 

01010001 

1-4 

3 

Option  3 

01110011 

5-4 

R 

01010010 

1-5 

4 

Option  4 

11110100 

5-5 

S 

11010011 

1-6 

5 

Option  5 

01110101 

5-6 

T 

PTA 

01010100 

1-7 

Up 

X 

01100010 

5-7 

U 

11010101 

2-1 

, 

/ 

11101111 

6-1 

EXEC 

X 

01100001 

2-2 

6 

Option  6 

01110110 

6-2 

V 

11010110 

2-3 

7 

Option  7 

11110111 

6-3 

W 

01010111 

2-4 

8 

Option  8 

11111000 

6-4 

X 

01011000 

2-5 

9 

Option  9 

01111001 

6-5 

Y 

11011001 

2-6 

0 

Option  10 

01110000 

6-6 

Z 

11011010 

2-7 

Down 

X 

11100011 

REJ 

X 

01:01101 

3-1 

A 

WPT 

11000001 

7-1 

INIT 

X 

11100101 

3-2 

B 

AW/ 

11000010 

7-2 

ATC  CLR 

X 

01101000 

3-3 

C 

01000011 

7-3 

FLT  PLN 

X 

11100110 

3-4 

D 

11000100 

7-4 

fJAV  DATA 

X 

11101100 

3-5 

01000101 

7-5 

SEL 

X 

01100111 

3-6 

F 

F/L 

01000110 

7-6 

LOOK  UP 

X 

01101110 

3-7 

G 

ALT 

11000111 

7-7 

CLEAR 

X 

01100100 

4-1 

H 

RTE 

11001000 

Switch  A 

X 

11101001 

4-2 

1 

RWY 

01001001 

M 

X 

11101010 

4-3 

J 

01001010 

T 

X 

01101011 

4-4 

K 

11001011 

4-5 

L 

01001100 

4-6 

M 

GS 

11001101 

4-7 

N 

11001110 

X = dedicated  mode  key  or  special-purpose  key 

Note:  Codes  shown  above  are  for  the  first  press  of  the  key  when  bit  7 is  set  to  1 


{&) 

(b) 


24 


TABLE  6-3.-PR0VISI0NAL  GUIDANCE  BUFFER 

1 


Name 

of 

Waypoint 

Latitude 

“/ISO 

BO 

Longitude 

“/ISO 

BO 

Altitude 

ft 

B23 

Groundspeed 

kt 

B15 

Radius  of  turn 

ft 

B23 

Incremental  time  en  route 

sec 

B15 

Great  circle  distance 

ft 

B23 

Waypoint  center-center  distance 

ft 

B23 

Flightpath  angle 

o 

CO 

0 

BO 

Turn  angle  at  waypoint 

“/360 

BO 

Arc  distance  of  curve/2 

ft 

B23 

Distance  waypoint  to  tangent  points 

ft 

B23 

Planned  time  of  arrival 

sec 

B23 

Magnetic  variation 

“/ISO 

BO 

Pointer  to  navaid 

Bearing  from  turn  center 

°/360 

BO 

DME  arc  reference  latitude 

“/ISO 

BO 

DME  arc  reference  longitude 

“/ISO 

BO 

Terminator  = 0 


(c) 


1st 

waypoint 


(WPPPD) 

(WPCCD) 


nth 

waypoint 

L 


®Bit  24  = 1 Provisional  path 

23  = 1 Flight  level  waypoint 

22  = 1 Use  lASREF  from  NCOU  for  display 


^Bit  24  = 1 For  DME  arc 

23  = 1 For  DME  arc  inhibit 


Bit  22  = 1 Inhibit  radius  of  turn  calculation 

3 = 1 Do  not  display  waypoint  stai  on  MFD 


'Bits  1 and  2. 

0 = Airway/route 

1 =SID 

2 = STAR 
3=  MAP 


Note:  The  format  is  the  same  as  that 
shown  in  table  5-1. 


I 


TABLE  6-4.-OBIGIN/DEST/NATION  BUFFER 


Name 

Origin  air 

?ort  address 

Origin  runway  address 

"XT 

Destination  airport  address 

Destination  runway  address 

TABLE  6-5.-PIL0T-CREA  TED  \NA  Y POINT  DA  TA  BUFFER 


W 

P 

T 

S><r 

X 

X 

Latitude 

°/180 

BO 

Longitude 

o 

00 

o 

'0 

Navaid  address 


Latitude 


°/180 


Longitude 


7180 


Navaid  address 


80 


BO 


1st  waypoint 


6 ASCII 
words 


2nd  waypoint 


Terminator  = 0 


^Sequence  numbers  01,  02, ...  10 


End 


TABLE  6-6.-LOOK-UP  DATA  BUFFER 


Name 

Cell  number 

Remarks 

LOKWPT 
(2  cells) 

1 

Pointer  to  address  in  bulk  data 
memory.  A zero  in  this  location 
indicates  no  LOOK-UP  option 
has  been  selected. 

2 

Code  word  for  symbol  required 
on  MFD: 

value  0 = WPT 

1 = NAVAID 

2 = GRP 

3 = AIRPORT 

LOKBUF 
(30  cells) 

1 

2 

3 

Pointer  to  addresses  in  bulk  data 
memory.  Used  when  RTE,  AWY, 
SID,  STAR,  or  MAP  are  selected. 
A waypoint  symbol  (star)  will  be 
displayed  on  the  MFD  display  for 
each  pointer.  A zero  in  this  loca- 
tion indicates  no  look-up  AWY, 
RTE,  SID,  STAR,  or  MAP  option 
has  been  selected. 

28 

29 

30 

254 


Altitude 

TAS 

IAS 

(1000  ft) 

(kt) 

(kt) 

0-5 

205 

190 

5-10 

215 

190 

10-  14 

235 

190 

14-20 

280 

210 

20-25 

305 

210 

25-30 

330 

210 

30-35 

365 

210 

35-40 

405 

210 

ASCII 

character 

address 

inputs 


Outputs 


0 1 1 X X 0 


0 1 1 X X 1 


1 0 0 X X 0 


0 0 0 0 0 


T]  0 0 0 |T 

1 0 0 oJi 


0 0)  1 <0  0 


iro  0 o'li 


0 0 0 0 0 


o\i\^yo 
0 oNi  m 0 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


0 0 0 0 0 


11111 


0 0 0 oJiJ 
0 0 tyyo 
0 o/yo  0 
yyo  0 0 
ji  jo  0 0 0 


11111 


0 0 0 0 0 


1 1 1 1 1 
110  0 0 
110  0 0 
110  0 0 
110  0 0 
110  0 0 
11111 


0 0 0 0 0 (a) 

0 oprio  0 
0 0 10  0 
0 0 10  0 
0 0 10  0 
1 o/\j 

^l/'O 

0 Xl/o  0 


0 0 0 0 0 
0 oF\o  0 
0 0 


11111 


0 0 (Vyo 
0 ojj/0  0 
0 0 0 0 0 


11 

0 

0 

0 

0 

FT 

r 

IN 

/ 

1 

0^ 

>1 

1 

0 

0 

1 

/ 

(\1  I/O  0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


00000  (a)  00000 


0 0 10  0 
0 0 10  0 
0 [l  1 i|o 
[^1  0 1 T 
0 [l  1 ijo 

0 C 1 0 0 
0 0 10  0 


0/^  1 1 1 

|l/o  1 0 0 

\l  I nvO 

) 0 1 o\j 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


11111 


0 0 0 0 0 
o/?\0  0 0 
fimiV  0 


0\1  I INO 

0 0 1 0 >1 1 


1111/0 


0 0 10  0 


FIGURE  6-2.-  CONTINUED 


Modification  to  ASCII  code 


ASCII 

character 

address 

inputs 


Outputs 


0 0 0 0 0 


I 1 0 X X 0 


1 1 0 X X 1 


1 1 1 X X 0 


f 

1 

/ 

0 

0 

\ 

'1 

1 

0 

1 

1 

y 

< 

/o 

1 

1 

> 

0 

1 

1 ( 

0 

0 

/ 

1 

/ 

0 0 0 0 0 
0 0/Tlo  0 
0 0 0 
0 0 10  0 
0 0 10  0 
0 0 10  0 
0 0 10  0 
0 ITi  il  0 


0 0 0 0 0 


0/1  1 1\0 


1 0 0 0 1 
1 0 0 0 1 


0/1  1 1 <.0 


10  0 0 1 
1 0 0 0;1 


0\1  1 1/0 


0 0 0 0 0 


0/1  1 1 


// 

[I/O  0 0 1 

0 0 0 oJi 
0 o/Ti/0 

yyo  0 0 

p|0  0 C 0 


11111 


0 0 0 0 0 


11111 


0 0 0 o;i 

0 0 oAA 


0 0 


0\1  1 1/0 


0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 oQo  0 
0 0 0 0 0 
0 oQo  0 
0 0 0 0 c 

0 0 0 0 0 


0 0 0 0 0 

ao 
0 
0 

1[0  0 1 0 
1 iT~i^ 
0 0 0 1 0 
0 0 0 [ijo 


0 0 0 0 0 


1 11111 
1 0 0 0 0 
1 1 1 i\o 


0 

0 

0 

“1 

\ 

1 

0 

0 

0 

0 

1 

(Jl 

0 

\ 

0 

1 

/ 

0\1  1 1/0 


0 0 0 0 0 
0 0 o/rio 


^1/0  0 0 
1<0  0 0 0 


0\1\0  0 0 

X 


0 0 0\1  0 


0 0 0 0 0 


0 0/111 


o/yo  0 0 

(ip)  0 0 0 


1111 


0\1  1 1 


0 0 0 0 0 


11111 


0 0 0 oJiJ 
0 0 oA/O 
0 oA/o  0 
0 jl  0 0 0 
0 10  0 0 
0 [ijo  0 0 


0 0 0 0 0 
0 0 0 
0 ^\p  0 
0 0 0\l\o 
0 0 0 (ni 

0 0 oA/d 
0 Q/yo  0 
0 il/0  0 0 


FIGURE  6-2.-C0NTINUED 


ASCII 

character 

address 

inputs 


0 0 0 0 0 


0/1  1 1\0 


1 0 0 Oil 
1 0 0 0 1 


0\1  1 1 1 


0 0 0 oiiJ 
0 0 oA/o 


111/0  0 


Outputs 


01 

0 

0 0 0 

0 

0 

0 0 0 

0 

0 

0 0 0 

0 

0 

o 

B 

O 

0 

0 

0 0 0 

0 

0 

0 |T|o 

0 

0 

0 

0 

// 
U/o  0 

0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


11111 


0 0 0 0 0 


11111 


0 0 0 0 0 
0 0 0 0 0 


0 0 0 0 0 


0/1  1 1\0 


0 0 0 0 0 
0 0 [T]o  0 


FIGURE  6-2.-  CONCLUDED 


Key  3/6  is  F:F/L  dual 

function 

1 

FIGURE  6-3.- 

-NCDU  KEY  IDENTIFICATION 

Pos.fon  Uics|»kUUUUa,a::!r!lS2|;l^^fci”l5l8i;; 


I I I I I I i I I t I 

r.  /,a101C|a^A^M,  i. 

I I i I I I I I I > > 

fi|  ^,a(i}G|i^N^_| 

12 1 iDl£*Sjj'L’NL'  J 

I I I I i I I M I I 

^2,  _4.  |_|  4 

U'  Jp'^JrId'sIe'i'  1 

I I I I I I I I I I I 

^ 1 •*■  H t"  1 

L ' J LI  i L'  i *i 


I I M ) M I I 

-41 

I I I I I I I I I 

L'k1^'e.ii  L ' 1 *J 

! i I ! 1 ! > ! I 

-iVlVriVH 

I I I I I i I I I 
M ni"  t“i  r M 
.1  I U LIJ  L' 


TTT 
t-!-» 

II  I I 
l-H  + I 

1 IJ  I 

I I I I 

M-f  I 

L'i  ' 

I 1 I i 
l-l-^  ^ 

II  I I 


■ I 


I ■ ■ I I ' I I ' I I ■ I I I I I I I 


if laiElglsi  111  iffiiR'jNif  W !q‘r|  I ifii  iIn  _ 

■ ■ » I t I 1 1 -I  I I I 11  1-  1.  1 1. 1 I J J 11 


I I 


Jj 


E 

" " "• 

N 

1 

2 

3 

4 

5 

T 

1 

• 

6 



/ 

1 

8 

3 

1 

: 

r» 

U 

1 

A 

B 

C 

D 

E 

F 

VA/pT 

AWY 



F/L 

H 

1 

J 

K 

L 

M 

RTE 

RWY 

GS 

0 

P 

Q 

R 

S 

T 

SID 

STAR 

PTA 

EXEC 

V 

W 

X 

Y 

Z 

INIT 

ATC 

FLT 

NAV 

SEL 

LOOK 

CLR 

PLN 

DATA 



UP 

UP 


DM 


G 

ALT 


REJ 


CLR 


a.  After  Power  On— Old  Data 
FIGURE  6-4.-INIT  (INITIALIZE}  MODE 


Position 


r^iwiai 


I I I I I I 
n i-  M I- 

lyyioioiahiL 

I I M i I 

Ifi'vb'xisL 

■ I I I I I 
!YV'l‘Ll2lli 

I I I I I I 


4_|_i  |_|4  K|AfT|C4  iCiU^P^ 

I I I I I I I I I I I I I I I I I I 
i K14-I-4  f-l"t  l~l+*M  M-|-  I 

J LU  i • J L ' i L*  1 ' J i 

I I I I I I I I ; I I I I I >>  I i 

i U 1 U L'  1 L'  L'J  L'i  1 

I I I I I I I I I i I I I I ' I > I 

I-I+-I-I  nt  t— I Ti“i  •~i‘+ 

L Li  1 U L'i  1 *J  1 


I I I I I I 


r-i  -t-H 

L'  L ' J 

Mill 

t-i  r i“i 

L'i 

I I I M 


J£|)^1e1cI  IoIr'  IrIeIj'  I i L'. 


M-f  4- 

L'i  ' 

I 1 I I 

H-t-  ^ 

i 'J  1 

I I I I 


I I 


0 

ALERT 

FAIL 

0 

IMIT  ATC  FLi  I I NA>/  oci  I LOOK!  j pi  d 
CLR  PLN  DATA  UP 


a.  Clearance  Prior  to  Acceptance 

FIGURE  6-5.-A  TC  Cl  R (A  TC  CLEARANCE)  MODE 


b.  Example  of  Detail  Waypoint  Data  Entry 
h/GURE  6-5.-CONTINUED 


Position  l^li 


I I I I I I I I I I I I I I I I M I I I I I I I 

*-!-<  f-|4F(i.|T|  |£+LiN|^^1^ 

I I I I i I I I I i I I I I M I I M I I I I I 

L.' i L’  L*J  !_ 'pIg’sI slo'oJ  i 

I I ! I M I I I I I j I I I I I I I I I I I I I 

4^C^|£^S^1  ^ |Il2^0,Q^0^|P^T^Vjl|i)|l,6^  |(1,.4^ 

L*-i  'J  L ' J.  L’  ioUol^i  J.  i_Ip]£I^3[2'q}  1 

< I I I I I , I I I I I I I I I I I I I I I I I I 

hL,24£»,QiO^,E,T^,l^,2^6^,y^ 

L Ji  L'  ’.'.1  Lioi°i_i  L ] 

I I I I < I I • I I I I I I I I I I I I I I I 


a.  Portion  of  Active  (Accepted)  Clearance  in  Waypoint  by  Waypoint  Format 
FIGURE  6-6.-FLTPLN  1 (FLIGHT PLAN  II  MODE 


I I I I ! 

I I I I I 
h 

Mill 


I M M 
|IVO,l^A|t 

'I  'J  L 

■ ill! 
|l^l|l^K^ 

'J  L'i 

(■III 


M I I I I M M ' 

lM,w^h!|  I.  |_|  i^F^L 

I I I I I M I I I I 

I i h-|  + 1-4  t-M  I- 

M I M M I I I ' 


I M M I I i I ! 

-f  hi  4 l-t  f— 1 T |- 

i U 1 U U 1 

M I I M I I I • 
^ l-l  4-  M r l-r  h- 

I ' J l_l  i l_l  L 

>•  I I I I I I I I I 


I I I I I I I 

T4.  |£}Lilil|?q 

I I I M I I 

4-  I "4  I — 1 -f  I 

I I M I I I 


I I I I I I I 
h l-l  M4  4 
|_l_l  l_l  j I 
I I M ! I I 
rM  M4  -I 

1 L'  I ’ J 1 

I I i I I I 'i 


0 

ALERT 

FAIL 

0 

A B 

WIDT  AWY 


F G 

F/L  I I ALT 


V W 


M N 

GS 


T U 

PTA 


ATC  FLT  IMAV  c;pi  LOOK  p,  o 
CLR  PLN  DATA  UP 


b.  Format  During  Provisional  Path  Entry 
FIGURE  &6.-CONTINUED 


Position 


I I I I I i I I 1 t It  1 M I > II  I I I I ) I 

4.,^  |£4L0^1^24 

I I I I I I I I i ! M I I M 1 I I > I I I I I 

|fi,E^.,I,  44^0^., 

i-'i  L'  1 ' Jl'eIg]dI_I  12'5l  [lIe_[^g'x'  1 's'  :[ 
I ! I I I I I I I I I I I I I I 1 I I I I < I I i 

^|C^R|i^Sp-,_^^£,M4D,_,1^,5^  ^,14  1^154.  4. 

L'l  'J  L'iL'l'GjplJ  ISIQL  Ix'E]gIt[  '_'9l  1 
' I I ; I I I I I i I I I I I I I I I > ' ' I ' I 

L L'  i '_'l1eIg[dI_1  J2l0j  iL'EiG'l'  1 'i!  I 

( I ! I I I I > I I I I I I I I I I I I I I I I I 


lU  Ll 


I I I I I I I ><  I i I I 


0 

ALERT 

FAIL 

0 

0 DM 


ABC 
WPT  AWY 


F G 

f/l  alt 


M N 

GS 


T U 

PTA 


V W 


Y Z 


iMiT  ATC  I FLT  NAV  cpi  LOOK  Pl  p 
CLR  PLN  DATA  UP 


FIGURE  6-7.-FLTPLN  2 (FLIGHT PLAN  2}  MODE 


Position 


I I I I I I I I t I I I I I I > I M I I I i I I 


l-'iLeiJ  1+' JiL-'qI^L'  1 'aIe 

I I I I I 1 t II  I I I I I I I 
jI|E^/ ^|Q|2|_J  fJl|R|.A 

l_' J. 'i!kL  I ioi2*Qi°liy!)  I_ij_ 

> I I I I I I I I I h I I I I 

«-|  ■»■  l^'S^I-f  HiViH  r|i- 
L !2<lrlKiEl  iaUaleiLi  IJ 

I I I I I I I < I I I I I I I I 


JBl^NlQlaL-lt'RlE'slT'J  1 'J  , 


1 1 I I I I i I I 

l-l 

!_  1 Ul_l  J_i  l^joi 
I I I I I I I I i 

fi,  4+,_|0l_!V+ 
l_l  |_M  l_M  I 
I I I I I > I I I 

L’Qls'E.'ti  *l!o] 

I s I I I I I ( ^ 


• I In'a'v’ I 'd' d' 


o 

ALERT 

FAIL 

0 

0 DN 


A 8 

WPT  AWY 


F G 

F/L  ALT 


M N 

GS 


IMIT  ATC  FLT  NAV  cci  LOOK  I I pi  p 
CLR  PLN  DATA  UP 


FIGURE  6-8.-NA  V DATA  1 {NA  VI G A TION  DA TA  I)  MODE 


Position 


r>h»|uj<<o 


, I , I I I I I I I I I I I i I ■ M I I I I I I 

ri  r i-|  t-  M »-i  ^ ^ 

I I I I I I I I I I I I I I I I I I > I I I I I I 

WSl¥iVlM|  + l-f  M-r 
i_M  Ij  ol9*0l°|ll  J i 'J  Msi  ’j3blKlT[ 
I I I 1 I I I ! I I I I I I I I I I I I I ''<  ■ 
4-,4>i  4 iA¥iV 

i_i _L  ij  j_ I _i  ! j 1 U U 1 L'  L'J  L' J 1 

> I I I I I I I I I I I I I I I i I I I 

t-i  Vi4  1-1  n^t^i  r 1-^ '^1^ 

L li^RiAlol*  I_l9l.6l  J l_l  1 lJ2)TleM  J-i’i.'  1 

< I I I I I I ■ I I I 1 I I I I I I I I I ■ I 


iRl^NlclRi-lc'R^lsLrU  1 ' ‘ JnIa'vIi ’d’d' 

I 1 I I 1 


o 

ALERT 

FAIL 

0 

0 DN 


ABC 
WPT  AWY 


F/L  ALT 


RTE  RWY 


M N 

GS 


ATC  FLT 

CLR  PLN 


FIGURE  6-9. -N A V DATA  2 (NA  VI G A TION  DA TA  2)  MODE 


Position 


I I I I I I I I 

I I I I I I I I 

r^l+^iWri' 

L2I  ivltj'Ajy'=l2 
I I I I I I I I 

nil  ^|ti,Afy,V 
L'  I ' J L ' i 

< > I I I I , I 

»- 1 1-  1— I f I 

L LI  i L' 

I I I t I I ■ > 


I I I I I I I I • I I I I I I I I 
^L|0|N|Sj  ^_l  4.  |S4EjLi^2^ 


I I I I I I I I 

L' J i 'J 

I i I I I I I I 

l-l  4 l-t  1-1  T 
U 1 U U 1 

I I I I I I I I 
HI  4-1-1  n-r 

L U LI  i U 

I I I I I I I I 


I I I I I I I I I 

M -I-  1 

I M l_M  l_l  I 
I I I I I I I I I 

1-1  4-  M M-4  4 

l_l  j_M  l_lj  I 
I I I I I < I I I 

HI  r M H-  -I 

L M 1 ’ J I 

I I I I I I I I I 


iflRlElsIsl  1^1  [f  lQ[Rl_lMlp‘D'El_lslEli.'Eiclr  ' 


A B 

WPT  AWY 


0 

ALERT 

FAIL 

0 

0 DN 


M N 

GS 


T U 

PTA 


ATC  FLT  NAV  cp,  LOOK  p,  r 

CLR  PLN  DATA  UP 


FIGURE  6-12.-SEL  2 (SELECT 2)  MODE 


Position 


r^leolA 


I i I I M I I I I I I I I I I I 

r^iViWn  ^-1  ^1-^ 

I I I I I I I I I I I I I I I I I 
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b.  Airport  Identified  and  Se'ected  for  North-Up  Map  Center 
FIGURE  6-  15.-C0NTINUED 


Position 


CMlml^rlkoltolt^loDlo) 


I I , I I I I I I I I I I I M > M I I I I I I 
iD|A4.T|^  ^,4L^0,0^K|_^U^£|^3^ 

I ,]  I I I I I I t I I I I I I I I I I I I I I I 

i2i  j.sii'ajr'j  l'J  L'EiL'y  1 !§ 'l1  'j  1 'J  l 

I I I I I i I I I II  I I I t I I I I I I ''  I I 

-e  1-1  +- 1 -4-  hi  4 t^l^hl-l  H-1-  I 

>4 ' I ' J L ' i U 1 • jBliiAlaU  IrL  ' j L'J  1 

I I I I I I I I I I I I I I I I I I I I I ' I > I 

H M-l-  HI  h|-|^^|Vl^lVl-i  1-I-+  -• 

L'  i L'  L *J.  I.  lGinlRI3i4iF?i  L'  1 ’J  1 

I 1 I 1 I I ' I I 1 I 1 1 I I I • I J L I I I I > 


JKlElYLluiPl J L'_Lp'AlGif'  'cIo'i^tIx’nIu’je’s' 


I 1 I I t I I I 


0 

ALERT 

FAIL 

0 

0 DN 


A B 

WPT  AWY 


F G 

F/L  ALT 


H 1 

RTE  RWY 


M N 

GS 


ATC  FLT  NAV 

CLR  PLN  DATA 


SEL  I '-9,9'^  I I CLR 


d,  STAR  List  (Same  Format  for  SIDs  and  MAPs) 
FIGURE  6-  15.-CONVNUED 


i B S«7S  C3  B B tk.  L 


I I I I ! I I I I I I I M I I ' I I I I I i I I 
I I I 1,1  Ll  I ! 1,1*1  I I 1 i 1 I I I I I I I I 

^1  v,in*i  Vi- 1 V ' iii  V <u  • ft  +'i 

lO  ni2i3i4i5'6i7'8l  gj  :'iKL='^^L  Ia^bIcI  d1_eI  ^ g1 

I I I I I I M I I I I I I I I I I I I I I I I I 
^J|K^L^,I^O^£,Q^R,S^T^,V^W^,Y^ 

l_l  4L^#1$!%'^  ■ >i'  >r  liJ  • I-  I .l/lotl]2  i 3l4[5'6i7i 

■ I I I I I I I I I i I I I I I II  I I I > I I I 

jpiQ'Rjs  iTluiyiwixIvlzlirT^li-L  i^t|#'sj%i&i '] 

I I I I I I I I I I I I t I I I I I 


Ji  >11  ‘l+l  .1-1  J/[X)lil2lll4j_5'£'7!fi'9! ; U*<i=*> 


A B 

WPT  AWY 


0 

ALFRT 

FAIL 

0 

0 DN 


V W X 


iMiT  ATC  FLT  WAV  opi  LuOKI  pi  p 
CLR  PLN  DATA  UP  | 


FIGURE  6-  16.-NCDU  TEST  FORMA  T 


7.0  NAVIGATION  AND  SUBSIDIARY  FUNCTIONS 


7.1  NAVIGATION  -GENERAL 

This  section  outlines  the  various  computations  required  to  compute  a best  estimate  of 
aircraft  position  and  velocity  based  on  combining  data  received  from  a single  Litton  LTN-5 1 
inertial  navigation  system  (INS),  two  DMEs,  and  a single  VOR.  Air  data  and  magnetic  inputs 
are  also  used  in  the  event  INS  fails. 

This  section  also  contains  the  various  modes  and  update  methods  used.  The  major 
computations  are  outlined,  together  with  the  assignment  to  the  fast  and  slow  computation 
loops.  The  fast  loop  is  accomplished  20  times/sec,  while  the  slow  loop  is  accomplished  1 
time/sec. 

7.1.1  Navigation  Modes 

The  basic  modes  of  b arizontal  navigation  are  as  follows' 

INS  updated  by  two  DMEs  (IDD) 

INS  updated  by  one  DME  and  one  VOR  UDV) 

INS  updated  by  one  DME  (IDX) 

INS  alone  (IXX) 

Air  data  and  magnetic  heading  updated  by  two  DMEs  (ADD) 

Air  data  and  magnetic  heading  updated  by  one  DME  and  one  VOR  (ADV) 

Air  data  and  magnetic  heading  updated  by  one  DME  (ADX) 

Air  data  and  magnetic  heading  alone  (AXX) 

Radio  navigiition  alone  (XDD,  XDV,  XDX) 

The  navigation  mode  designation  (IDD.  etc.)  is  displayed  on  the  NCDU  as  defined  in  section 
6.5.4  of  this  document. 

The  navigation  modes  above  are  listed  in  order  of  preference.  Automatic  mode 
switching  is  dependent  on  successful  checks  for  data  validity.  The  flow  chart  for  INS  mode 
selection  is  shown  in  figure  7-1.  A similar  selection  sequence  applies  for  air  data/magnetic 
heading  modes  in  the  event  of  INS  failure,  and  pure  radio  navigation  modes  in  the  event  of 
both  INS  and  air  data  or  magnetic  heading  failure.  This  mode  switching  is  controlled  by  a 
system  of  flags,  as  shown  in  table  7-1 . 


7.1.2  Radio  Navigation  Updates 

7. 1.2.1  Radio  Mode  Flags 

Tlie  various  modes  of  radio  updates  DME/DME,  DME/VOR,  and  DME— are  controlled 
by  the  three  flags-FO,  FI , and  F2.  These  flags  are  defined  in  table  7-2. 

7. 1.2.2  Radio  Navigation  Station  Tuning 

The  frequencies  to  which  the  two  DME  receivers  are  tuned  can  be  controlled  in  three 
ways: 

1 ) Manually  through  the  radio  navigation  tuner  in  the  cockpit 

2)  Manually  through  the  NCDU  as  defined  in  seetion  6.S.4.3 

3)  Automatically  (autotune)  in  response  to  the  flight  plan  stored  in  the  navigation 
computer 

Cases  2 and  3 are  tuned  by  the  navigation  computer  autotune  A (DME  2)  and  autotune 
B (DME  1)  outputs  when  the  AUTO/MAN  switch  in  the  cockpit  is  in  the  AUTO  position. 
VOR  1 tuning  is  always  under  manual  control. 

7. 1.2.3  Autotune 

Bulk  data  memory  (see  sec.  3.0)  stores  a block  of  data  for  each  navaid,  containing 
geographic  location,  station  ICAO  identification  code,  elevation,  type  of  facility  (VOR, 
VORTAC,  NDB),  and  frequency.  All  geographic  reference  points  (GRPs)  and  SID  and 
STAR  waypoints  stored  in  bulk  data  also  contain  a pointer  to  a reference  VORTAC  facility. 
The  autotune  system  tunes  navaid  1 to  the  VORTACs  defined  in  the  guidance  buffer  (table 
5-1).  Changeover  to  the  next  VORTAC  occurs  at  the  midpoint  of  each  flight  plan  leg,  at 
which  time  the  NCU  will  output  the  tuning  code  for  the  reference  VORTAC  for  the 
upcoming  waypoint.  If  the  upcoming  waypoint  in  the  flight  plan  is  a latitude/longitude 
waypoint  entered  through  the  NCDU  keyboard,  it  will  not  have  a reference  VORTAC.  The 
autotune  output  for  navaid  1 wilt  remain  tuned  to  the  VORTAC  it  is  currently  tuned  to 
until  the  pulse  pair  input  is  lost  or  the  range  limitation  is  exceeded,  at  which  time  the 
autotune  output  for  navaid  1 will  change  to  the  next  referenced  VORTAC  in  the  flight  plan. 
If  at  any  time  no  acceptable  pulse  pair  range  input  is  received  for  navaid  1 corresponding  to 
either  the  referenced  VORTAC  for  the  upcoming  or  next  waypoint,  a flag  (RETUN  1)  wiil 
be  set.  The  alert  message  TUNE  NAVAID  #1  will  be  displayed  on  line  8 on  the  NCDU. 
This  is  a cue  for  the  pilot  to  manually  tune  navaid  1 . 

The  navaid  2 autotuning  selects  the  best  VORTAC  station  available,  for  triangulation 
with  navaid  I data.  When  airplane  altitude  is  below  1 8,000  ft,  a search  is  made  of  all 
VORTAC  stations  within  a range  of  40  nmi  and  a station  bearing  estimation  is  made.  The 


first  station  whose  bearing  relative  to  the  navaid  1 satisfies  the  expression  defined  below  will 
be  autotuned  as  navaid  2. 

1 3 S^Xhearing  navaid  1 - bearing  navaid  2)>45“ 

If  acceptable  DME  pulse  pair  data  are  not  received  from  this  navaid,  the  NCU  will 
continue  the  search  until  acceptable  data  are  received.  If  airplane  altitude  is  > 18,000  ft, 
only  VORTACs  labeled  high  altitude  in  bulk  data  memory  wil'  be  considered. 

If  no  acceptable  navaids  are  found  within  the  40-nmi-range  zone,  the  search  is 
expanded  to  80,  120,  and  fi.ially  160  nmi,  and  continues  until  acceptable  pulse  pair  DME 
data  art.  received. 

Whenever  the  autotune  has  been  overridden  by  the  manual  tuning  of  either  navaid  1 or 
navaid  2 or  both  using  the  NAV  DATA  3 page  on  the  NCDU,  the  autotuning  of  the  navaid 
or  navaids  that  have  been  manually  tuned  is  discontinued  until  such  time  as  the  reject  (REJ) 
procedure  has  been  used,  as  defined  in  section  6.S.4.3. 

7.1.3  Velocity  Processing 

7. 1.3.1  Inertial  Velocity 

The  NCU  receives  along-track  and  across-track  acceleration  from  the  INS  20  times/sec 
over  an  ARINC  561  digital  bus  (see  table  7-3).  These  accelerations  are  integrated  and 
resolved  into  north  and  east  velocity  components  20  times/sec. 

Vjj  = INS  north  velocity 

Vg  = INS  east  velocity 

7. 1 .3.2  Air  Data  Velocity 

The  NCU  receives  true  airspeed  (TAS)  and  magnetic  heading  (MAG  HDG)  as  synchro 
inputs.  TAS  is  resolved  20  times/sec  as  follows; 

^ ^TAS  cost;//) 

Vg  = ^tas 

= 4>  + A'ii 

y-m 

where; 

Vtas  “ input  true  auspeed 

\J/,^  = magnetic  heading  (MAG  HDG) 

A;//„j  = magnetic  variation  (MAGVAR) 


MAGYAR  is  caif.ulated  in  the  INS  and  transmitted  to  the  NCU  as  shown  in  table  "7-3. 
However,  since  the  air  data/inagnetic  heading  inode  is  a reversionary  mode  in  the  event  of 
INS  failure,  a second  source  of  MAGYAR  is  required  for  this  mode.  Therefore,  in  the 
above  equation  is  made  equal  to  the  value  of  MAGYAR  stored  in  bulk  data  memory  for  the 
current  TO  waypoint  in  the  flight  plan.  If  this  happens  to  be  a manually  entered 
latitude/longitude  waypoint,  the  next  waypoint  along  the  flight  plan  foi  which  a MAGYAR 
is  stored  is  used. 

7.1.4  Slow-Loop  Coinputatioas 

The  following  computations  are  performed  once  per  second  in  the  slow  loop. 

7.1.4. 1 Computation  of  Radio  Updates 
Let: 


"m 


Zc  = 


®ml>  ^m2>  ^ni2* 


T 


(R^.j , , R(,2,  B^2l 


where : 

^mu'‘^m2 

^ml/®m2 

‘^cU'‘^c2 

Then: 

AZ  = Z 


measured  range  to  DME  1 /measured  range  to  DME  2 
measured  bearing  to  YOR  I /measured  range  to  VOR  2 
computed  range  to  DME  I /computed  range  to  DME  2 
computed  bearing  to  YOR  1 /computed  bearing  to  YOR  2 


m 


AZ  = (ARj,  AB|,  AR2-  AB2! 


T 


Let: 


H be  the  weighted  observation  matrix  of  the  form: 

hjWj  I19W7  h3\V3  hq^w^ 

h6W6  I17W7  hgwjj 


H = 


cos 

Rcl  sin(B^.,) 
cos 

R,,-5  sin  (B(-7) 


sin  (Bj-j) 

Rcl  ‘^os(B^-i) 
sin  (Bj,2> 

R^,-7  cos  (B(,2) 


HAZ 


where: 


(AP^vj,  APeI 


APjsj  = north  position  correction 
= east  position  correction 
7. 1.4.2  Computation  of  Bearing  and  Range 


X,  Y,  Z be  coordinates  with  respect  to  station  n 


Then: 


= i<P- 

= (X-\,^)R'^i 

= (hA/C'M 

0 1 U2 

= X-  + Y-) 

T 1/2 

= (x2  + Y-  + Z") 

= tan'l  (X/Y) 


sin  (Bj.)  = 
cos  (B^.)  = 'll'  /Bg 
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7. 1.4.3  Selection  of  Weights  wj  Through  Wg 
For  the  DMF/DMF  mode: 

w I = W3  = W5  = w?  = 0.5 
w-)  = W4  = = wg  = 0.0 

F^or  the  VOR/DMli  1 mode: 
w j = W5  = 0.5 

= W7  = W4  = Wg  = 0 

W2  = w^^  = (0.5)1—^^ )tor  Rmi<  R^ax 

' max  / 

W2  - W6  - 0 for  R^i,  > R^ax 

•^max  = 200  nmi 

For  the  VOR/DME  2 mode: 

V3  - V'y  = 0.5 

w j = wj  W')  = = 0 

_ ~N/^max‘ ^!V12\r  r.  ^ r. 

W4  - wg  = (O.a)l Ifor  R^2  < ^max 

W4  - Wg  = 0 for  R^2  ^ J^max 

7. 1 .4.4  Computation  of  Filter  F-’irst  and  Second  Order  Feedback  Terms 

Kj  =2wdt=2/Tdt 

K2  =•  v.'2dt  = 1 /T^dt 

1 =20  sec  air  data  mode 

T =50  sec  INS  mode 
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t 


t 


7. 1.4.5  Computation  of  Meridional  Radius  of  Curvature  and 
Radius  of  Curvature  Normal  to  .Meridian 

Normal  radius  of  curvature: 

'y 

R N = 1'a/C  ^ f ^ 

Meridional  radius  of  curvature: 

R'm  = ^A/C  ^ sin-  0) 

7.1.5  Fast-Loop  Computations 

The  following  computations  are  performed  20  times/sec  in  the  fast  loop. 

7.1.5. 1 First  and  Second  Order  Gains 

K'l  = 1/K|dt 
K'2  = 360  K2dt 

7. 1.5.2  Velocity  Updates 
Error  velocity: 

= AVj,}  + K'2APn 
AVg  = AV£  + K'2APe 
System  velocity: 

Vn  = V]^  + AVn 
= ^E'*'  ^^E 

7. 1.5.3  Latitude/Longitude  Updates 
Update: 

A0r  = a + (V^dt  + K'l  APjvjVR'm 
■AXj^  = ^^R  ^ (Vgdt  + K^j  AP£)/R 
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System  latitudc/longitude: 


0 - 0 + A0[^ 

X — X "t*  ^X|^ 

7. 1.5.4  Inertial  Ljititude/Longitudc  Updates 

This  calculation  of  uncorrccted  inertia!  position  is  required  for  instrumentation 
purposes. 


0,  = 0J  + -^ 


V^dt 


M 


X|  — X|  + 


Vpdt 


N 


7.1.6  Symbols 

Symbol  definitions  are  listed  in  table  7-4. 

7.2  INPUT/OUTPUT  DATA 

Defined  in  table  7-5  are  the  signals,  channel  selects,  and  associated  memory  locations  in 
the  NCU  system. 

7.3  INS 

ADEDS  requires  an  ARINC  561  type  INS  to  provide  data  to  the  NCU.  A modified 
Litton  LTN-5 1 is  used  to  satisfy  the  ADEDS  system  requirements. 

7.3.1  Hardware  Modifleations 

The  LTN-5 1 is  modified  to  provide  an  acceleration  pulse  weight  of  1/256  ft/sec^  in  the 
navigate  mode  instead  of  the  standard  1/8  ft/sec^  per  pulse.  The  resolution  provided  by  this 
change  is  compatible  with  the  EADI  display  functions  of  flightpath  angle  and  flightpath 
acceleration.  In  addition,  an  accelerometer  identical  to  the  horizontal  accelerometers  is 
installed  in  the  vertical  position. 

7.3.2  Input/Output  Modifications 

The  following  changes  are  required  to  the  INS  inputs  for  the  ADEDS  configuration; 


• The  ARINC  561  integration  A input  bus  is  connected  to  the  NCU  ARINC  561 
test  data  output  bus  to  receive  runway  heading  data  on  label  301 . 


• The  air  data  system  28-V  valid  input  is  connected  to  the  NCU  to  receive  a discrete 
whenever  runway  lieading  is  changed 

• Program  pms  9 and  1 1 aie  connected  to  the  tlight  control  computer  to  receive 
ground  discretes  that  indicate  the  following  autopilot  modes: 

No.  9 ground  = track  synchronized  mode 

No.  1 1 ground  = land  mode 

The  INS  outputs  are  not  changed  except  that  the  HSI  and  BCD  outputs  are  disabled 
and  the  data  transmitted  over  the  ARINC  561  binary  output  bus  are  modified  as  defined  in 
table  7-6. 

7.3.3  Delta  Track  Mechanization 

The  delta  track  output  will  be  computed  according  to  the  following  logic: 

Case  1 : LANDA  (land  arm  mode) 

ATK  = current  TK  (magnetic)  - RWYHDG 

where  RWYHDG  (runway  heading)  has  been  transmitted  by  the  NCU 
on  the  ARINC  561  test  data  output  bus.  The  INS  reads  the  RWYHDG 
data  in  word  label  301  when  the  28-V  discrete  is  received  on  the  ADS 
warning  input. 


Case  2;  LANDA  TKSYN  (not  land  arm  mode  and  not  track  synchronized) 


ATK  = current  TK  - TK  at  the  time  TKSYN  (open)  was  detected 
by  the  INS 


Case  3;  LANDA  TKSYN  (not  land  arm  and  track  synchronized) 
ATK  = 0 


where  LANDA  transitions  to  LANDA  with  TKSYN  already  in  the  NOT 
state  (TKSYN).  Figure  7-2  shows  how  ATK  selection  is  mechanized. 

As  shown  in  table  7-6.  the  value  of  delta  track  is  transmitted  on  the  ARINC  561  binary 
output  bus  on  two  separate  labels-007  and  017.  This  mechanization  is  to  facilitate  input 
data  processing  in  the  flight  control  computer. 


TABLE  7-  1.-FLAG  SYSTEM  FOR  MODE  SWITCHING 


Mode 

Fiag  state 

Remarks 

Air  data® 

Radio  mode^ 

Update** 

Inertial 

Off 

Off 

Off 

Computes  velocity,  position  from 
inertial  data 

Air  data 

On 

Off 

Off 

Computes  velocity,  position  from 
TAS,  magnetic  heading 

Radio 

inertial 

Off 

Off 

On 

Computes  velocity,  position  from 
INS  with  radio  upidates 

Radio 
air  data 

On 

Off 

On 

Computes  velocity,  position  from 
TAS,  magnetic  heading  with 
radio  update 

Radio 

Off 

On 

On 

Computes  velocity,  position  from 
radio  data 

DR 

Off 

On 

Off 

System  dead  reckoning  on  last 
available  velocities 

^ Air  data  flag  is  set  upon  failure  of  inertial  system. 

*^Radio  mode  flag  is  set  upon  failure  of  INS  and  ADS  or  MAG  HDG  system. 
'"Update  flag  is  set  if  radio  data  are  available  and  position  update  is  less  than  5 nmi. 


^FO  ts  set  ON  if: 

• DME  1 is  invalid  or  not  received 

• DME  1 range  > 200  nmi 

• Measured-estimated  range  > 5 nmi 

^F1  is  set  ON  if: 

9 VOR  1 is  irwalid  or  not  received 

• FOandF2areON 

' • Range  2 nmi 

• Measured-estimated  bearing  > I 

■ ^F2  is  set  ON  if: 

f • DME  2 is  invalid  or  not  received 

• DME  2 range  > 200  nmi 

• Measured-estimated  range  > 5 nm.  ^ ^ 

[ ^ , 350;^  (bearing  navaid  1 - bearing  navaid  2)  > 45 

!r 
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TABLE  7-3.-DISCRETE  WORD  FORMATS 


Bit  position 


Input  location  46 


Output  location  60 


VOR/LOC  valid 
PCU  valid 
MFD  1 valid 
INS  valid 
DME  1 valid 
DME  2valid 
Altitude  valid 
EADI  valid 
Spare 

True  heading/magnetic  heading 


Not  used 
Not  used 
Not  used 
Not  used 
Not  used 
Not  used 


Tune  1 invalid 
Tune  2 invalid 
WPT  alert 
NCU  valid 
Digital  data  valid 
NCDU  NPD 

To/from  flag  (low  level) 
Not  used 

Vertical  low  level  flag  valid 
XTK  low  level  flag  valid 


Not  used 
Not  used 
Not  used 
Not  used 
Not  used 
Not  used 
Not  used 
Not  used 
Not  used 
Not  used 


TABLE  7-4.-NA  VIGA TION  SYMBOL  DEFINITIONS 


Symbol 

Definition  | 

Vn 

System  north  velocity 

Ve 

System  east  velocity 

A 

Vn 

(INS  north  velocity/V/j^g)  cos 

A 

Ve 

(INS  east  velocity/Vj^g)  sin 

AVn 

North  velocity  error  j 

UJ 

East  velocity  error  1 

'^TAS 

True  airspeed 

Magnetic  heading 

4> 

Best  estimate  of  latitude 

«i 

Inertial  latitude  ] 

A<t> 

Latitude  update 

A^r 

Latitude  update  remainder 

\ 

Best  estimate  of  longitude 

Inertial  longitude  j 

AX 

Longitude  update  j 

AXr 

Longitude  update  remainder  1 

R'n 

Normal  radius  of  curvature  1 

R'm 

Meridional  radius  of  curvature 

A/C 

Aircraft  altitude 

3 

Earth  radius 

Np, 

First  o''der  north  filter  term  j 

Np2 

Second  order  north  filter  term  j 

EP1 

First  order  east  filter  term 

^F2 

Second  order  east  filter  term 

Kl 

First  order  position  feedback  gain 

K2 

Second  order  velocity  feedback  gain  j 

Kr 

Scaled  first  order  position  gain 

^2* 

Scaled  first  order  velocity  gain 

■4 
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TABLE  7-5.-NCU  INPUT/OUTPUT  DEFINITIONS 


Source/destination 

ARINC 

No.  of 
words 

Memory 

location 

Channel 

select 

ARINC  561/575  Receiver  Inputs: 

NCDU 

571 

8 

160-167 

FC-14 

INS  1 

561 

10 

See  table  7-6 

FC-10 

Sp»re 

575 

8 

200-207 

FC-3 

SPBP  Receiver  Inputs: 


Display  system 
Spare 


8 

300-307 

FC-T 

8 

310-317 

SrC-1 

ARINC  561/575  Transmitter  Outputs: 


Simulator  and  mode  panel 

575 

32 

640-677 

FC-5 

NCDU 

575 

64 

500-577 

FC-2 

INS  and  test  data 

561 

32 

600-637 

FC-4 

MFD  display,  bus  1 
MFD  display,  bus  2 

Output  bus  (EADI) 

Spare 


Pulse  pair  1 
Pulse  pair  2 
2x5  receiver  1 
2x5  receiver  2 
Nav  tune  1 
Nav  tune  2 


SPBP  Transmitter  Outputs: 


512 

2000-2777 

SPBP  1 

64 

1700-1777, 

1500-1577 

SPBP  2 

64 

1600-1677, 

1400-1477 

SPBP  3 

16 

400-417 

SPBP  4 

Radio  Navigation  Receiver  Inputs: 


568 

1 

40 

568 

1 

41 

1 

42 

1 

43 

1 

64 

1 

65 

Input 

Output 


See 

SCS  7 

table  7-3 

SCS  1 

$ 


TA  BL  E 7-5. -CON CL  UDED 


No.  of 

Memory 

Channel 

Source/destination 

ARINC 

words 

location 

select 

XTRK  (low  level) 
VTRK  (low  level) 
Vertical  steering 
Speed  command 


Localizer  dc 

Glide  slope  dc 

Vertical  acceleration  dc 

Altitude  fine 

Roll 

Pitch 

True  airspeed 
Mach 

Magnetic  heading 
Altitude  coarse 
Calibrated  airspeed 
VOR 


Input 

Output 


Drift  angle  sin 

cos 

HDG/TK  sin 

cos 

(DA+TKE)/:kE  sin 
cos 

Lateral  steering 


Digital/Analog  Outputs: 
1 


Analog/Digital  Inputs: 


Teletype  Interface’ 


Digital/Synchro  Outputs: 


120 

SCS  1 

121 

SCS2 

123 

SCS  4 

125 

SCS  6 

1 

47 

SCS  8 

1 

1 

61 

SCS  2 

100 

SCS  1 

101 

SCS  2 

102 

SCS  3 

103 

SCS  4 

104 

SCS  5 

105 

SCS  6 

106 

SCS  7 

TABLE  7-6.-INPUT SIGNALS  FROM  INS 


Octal 

label 

Signal  name 

Rate 

(updates/sec) 

NCU 

memory 

locatioii 

007 

ATraok  1 

5 

220 

017 

AXrack  2 

5 

(a) 

010 

Latitude 

1 

221 

oil 

Longitude 

1 

222 

014 

True  heading 

1 

223 

024 

Magnetic  variation 

1 

224 

025 

X acceleration 

20 

225 

026 

Y acceleration 

20 

226 

066 

Velocity— north 

5 

227 

067 

Velocity— east 

5 

230 

100 

Groundspecd 

5 

231 

^Used  by  flight  control  computer  only 


* 
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FIGURE  7-1. -INS/RADIO  NAVIGATION  MODE  HIERARCHY 
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